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ABSTRACT 
Objectives 
Evaluate the effect of different veneering techniques, Y-TZP core thicknesses, 
and firing cycles with different heat rates and holding times on the mechanical properties 
of veneering porcelain. 
Materials and methods 
Two tests were conducted to evaluate the mechanical properties of veneer porcelain:  
- Biaxial flexural strength test 
One core material, Vita In-Ceram YZ and two porcelain veneers, IPS e.max Ceram and 
VITA VM9, were used in this study. Vita YZ zirconia blocks were sectioned and sintered 
to provide slabs of 1.65, 3.25, and 6.50mm thickness. Two techniques were used to 
fabricate VITA VM9 and e.max Ceram porcelain veneer porcelain; 1- Hand Layered 
(HL) -Mixed with manufacturer’s molding liquid, condensed in a mold, 2- Pressed (PR)- 
powder was Pressed uniaxially mold. After the veneer discs were fabricated, they were 
sintered: (1) According to the manufacturer’s instructions; (2) Two different cycles 
slower heat rate than the recommended value and longer holding than the recommended 
value for each veneer material. A layer of carbon paint was applied to the zirconia to 
allow removal of the porcelain discs. Biaxial flexure strength was determined using a 
universal mechanical tester.  
 viii 
- Thermal shock resistance test 
Tosoh Y-TZP powder, used as core material, was uniaxially pressed then 
isostatically pressed. The blocks were then sintered to approximately 50% theoretical 
density and sliced to produce discs. Discs were sintered following manufacture firing 
schedules. Final thicknesses of the discs were 1.65mm, 3.25mm, and 6.50mm. Two 
techniques were used to fabricate VITA VM9 and e.max Ceram; the material was either 
1- Hand Layered (HL) - Mixed with manufacturer’s molding liquid and then condensed 
in a mold, 2- Pressed (PR), the assemblies were sintered: (1) According to the 
manufacturer’s instructions or (2) With a slower heat rate than the recommended value 
and a longer holding time than the recommended value for each veneer material.  
Processed samples were subjected to a thermal shock test. 
Statistical analysis was conducted for all tests using ANOVA and Tukey post hoc 
test at p= 0.05. 
 
Results 
The mean and standard deviations of biaxial strength and thermal shock resistance 
values of porcelain veneers after firing using different zirconia thicknesses and firing 
cycles are shown in table below: 
Conclusions 
There was significant effect from changes to YZ Core thickness, firing cycle, and 
veneer technique on the mechanical properties of porcelain veneer. The veneering 
technique had the largest impact on the mechanical properties of veneer porcelain 
followed by firing cycle, followed by YZ core thickness. In using different firing cycles 
with different heat rates and holding times, slowing the heating rate had more influence 
on the mechanical properties of veneer porcelain. In measuring the surface temperature of 
the Y-TZP/VITA VM9 assembly, using a slower heating rate firing cycle made the 
specimen surface temperature coincidental with the furnace programmed firing cycle.   
  
 ix 
VITA VM9 
                                                   Test                  
Factor 
Flexural 
Strength (MPa) 
Thermal Shock 
Resistance (°C) 
YZ Core 
Thickness  
1.65 mm 146.10±23.08 180.00±19.12 
3.25 mm 145.78±26.53 177.22±35.34 
6.50 mm 140.91±27.501 148.06±41.39 
Firing 
Cycle 
(Ramp, 
Hold 
Firing Cycle 1 (55°C/min, 1 min) 127.42±26.62 163.06±26.49 
Firing Cycle  2 (20°C/min, 2 min) 154.34±22.11 168.61±28.50 
Firing Cycle 3 (20°C /min, 3 min) 151.03±19.23 173.61±49.00 
Veneer 
Technique 
Hand Layered (HL) 140.67±28.52 153.70±39.11 
Pressed (PR) 147.86±22.10 183.15±25.54 
 
IPS e.max Ceram 
                                                  Test               
Factor 
Flexural 
Strength (MPa) 
Thermal Shock 
Resistance (°C) 
YZ Core 
Thickness  
1.65 mm 125.27± 21.29 171.94± 24.36 
3.25 mm 128.30±17.72 173.89±32.54 
6.50 mm 119.6± 24.04 160.00± 36.49 
Firing 
Cycle 
(Ramp, 
Hold) 
Firing Cycle 1 (40°C /min, 1 min) 120.38±20.58 160.83±27.61 
Firing Cycle 2 (30°C/min, 2 min) 123.33±17.81 164.72±34.43 
Firing Cycle 3 (30°C/min, 3 min) 129.47±24.50 180.28±30.56 
Veneer 
Technique 
Hand Layered (HL) 117.67±22.17 159.26±20.08 
Pressed (PR) 131.13±18.20 177.96±38.28 
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Chapter 1 INTRODUCTION 
 
1.1 Zirconia: 
Replacement of metal-based restorations is one of the main goals in dentistry. One of the 
most promising non-metal based materials is Yttria-Tetragonal Zirconia Polycrystal (Y-TZP). Y-
TZP has proved to be a very strong and reliable material. Zirconia, a white crystal, which is the 
main constituent of Y-TZP materials, has been known from ancient times. Zargon, originally a 
Persian word, means Golden in color. Zirconia (ZrO2), was identified by the German chemist 
Martin Heinrich Klaproth in 1789 1. 
Zirconium is a chemical element with the symbol Zr and atomic number 40. Its atomic 
mass is 91.224. It is a lustrous, grey-white, strong transition metal that resembles titanium. 
Zirconium is used as an alloying agent for its strong resistance to corrosion. It is never found as a 
native metal and obtained mainly from the mineral zircon. Zirconium was first isolated in an 
impure form in 1824 by Jons Jakob Berzelius 2. 
Zirconium is not rare; in fact, it is more common than copper, tin and zinc. Zircon (ZrSiO4) and 
Baddeleyite (ZrO2), a transparent crystal, are both sources of Zirconia.  Interest in zirconia as a 
biomaterial is because of its good chemical and dimensional stability, mechanical strength that 
are comparable to stainless steel 1. 
Zirconia as a biomaterial was started in the late sixties. Helmer and Driskell published the first 
paper concerning the biomedical application of zirconia in 1969 1. Christel et al. conducted 
another study for the use of zirconia to manufacture ball heads for total hip replacements 1. 
Several solid solutions (ZrO2-MgO, ZrO2-CaO, and ZrO2-Y2O3) were tested for 
biomedical application, but the research efforts after that appear to be focused on zirconia-yttria 
ceramics which are characterized by fine grained microstructures known as Tetragonal Zirconia 
Polycrystals (TZP) 1. 
Microstructure of zirconia: 
Zirconia is a well-known polymorph that occurs in three forms: monoclinic (M), cubic 
(C) and tetragonal (T). Pure zirconia is monoclinic in room temperature. This phase is stable up 
to 1170ºC. Zirconia will transform into tetragonal phase above this temperature, and then into 
cubic phase at 2370ºC. During cooling, a T-M transformation occurs at a temperature of about 
1070ºC. The phase transformation that takes place while cooling is associated with a volume 
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expansion of approximately 3-4%. Stresses generated by the expansion originate cracks in pure 
zirconia ceramics that, after sintering in the range of 1500ºC-1700ºC, break into pieces at room 
temperature 1. 
 
 
 
 
 
 
 
Figure 1: Zirconia polymorphs 
 
1.2 Transformation toughening 
 
When small, tough crystals are homogeneously distributed in a glass, the ceramic 
structure is toughened and strengthened because cracks cannot penetrate the fine particles as 
easily as they can penetrate the glass. Dental ceramics are strengthened by dispersed crystalline 
phases including alumina, leucite (Optec HSP, IPS Empress, OPC), tetrasilicic fluormica 
(Dicor), and Lithium disiclicate (OPC 3G, IPS Empress2) 3. In contrast, dental ceramics based 
primarily on zirconia crystals undergo transformation toughening that involves a transformation 
of ZrO2 from a tetragonal crystal phase to a monoclinic phase at the tips of cracks that are in 
regions of tensile stress. The unit cells for tetragonal and monoclinic lattices are shown on 
Figure2. 
When pure ZrO2 is heated to a temperature between 1470ºC and 2010ºC and then cooled, 
its crystal structure begins to change from a tetragonal to monoclinic phase at approximately 
1150ºC. During cooling to room temperature, a volume increase of several percent occurs when 
it transforms from the tetragonal to monoclinic crystal structure. This polymorphic 
transformation can be prevented with certain additives such as 3-mol% of yttrium oxide. This 
material is designated as Y-TZP. The volume increase in this case is constrained if the zirconia 
crystals are sufficiently small and the microstructure is strong enough to resist the resulting 
stresses 1. 
 
 3 
 
Figure 2: Transformation toughening. 
 
A toughening mechanism of crack shielding results from the controlled transformation of 
the metastable tetragonal phase to the stable monoclinic phase. Several types of crack shielding 
processes are possible, including micro cracking, ductile zone formation, and transformation 
zone formation. By controlling the composition, particle size, and the temperature versus time 
cycle, zirconia can be densified by sintering at a high temperature and the tetragonal structure 
can be maintained as individual grains or precipitates as it is cooled to room temperature. The 
tetragonal phase is not stable at room temperature, and it can transform to the monoclinic phase 
with a corresponding volume increase under certain conditions. When sufficient stress develops 
in the tetragonal structure and a crack in the area begins to propagate, the metastable tetragonal 
crystals or precipitates next to the crack tip can transform to the stable monoclinic form. In this 
process a 3-vol% expansion of the ZrO2 crystals occurs that places the crack under a state of 
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compressive stress and crack progression is arrested. For this crack to advance further additional 
tensile stress would be required. Because of this strengthening and toughening mechanism, 
yttria-stabilized ceramic is sometimes referred to as “Ceramic Steel” 1. 
1.3 Types of zirconia4: 
1.3.1 Unstabilized zirconia: 
Pure zirconia is an important constituent of ceramic colors and an important component 
of lead-zirconia-titanate electronic ceramics. Pure zirconia can be used as an additive to enhance 
the properties of other oxide refractories. It is particularly advantageous when added to high-
fired magnesia and alumina bodies. It promotes sinterability, and contributes to abrasive 
characteristics with alumina 4. 
1.3.2 Partially Stabilized Zirconia (PSZ): 
Partially Stabilized Zirconia is a mixture of zirconia polymorphs. The addition of 
stabilizing oxides like CaO, MgO, CeO2, or Y2O3 to pure zirconia allow it to generate multiphase 
materials known as partially stabilized zirconia whose microstructure at room temperature 
generally consist of cubic zirconia as the major phase, with monoclinic and tetragonal zirconia 
precipitates at grain boundaries or within the cubic matrix grains. The mechanical strength of 
PSZ is improved by a homogenous and fine distribution of the monoclinic phase within the cubic 
matrix. The development of zirconia as an engineering material was marked by Garvie et al. who 
described zirconia as “Ceramic Steel” and showed how to make the best of T-M phase 
transformation in PSZ improving the mechanical strength and toughness of zirconia ceramics 1. 
They observed that tetragonal metastable precipitates finely dispersed within the cubic matrix 
were able to be transformed into the monoclinic phase when the constraint exerted on them by 
the matrix was relieved, which happens by a crack advancing in the material. In this case, it is 
where the stress field associated with expansion due to the phase transformation acts in 
opposition to the stress field that promotes the propagation of the crack. An enhancement in 
toughness is obtained, because the energy associated with crack propagation is dissipated both in 
the T-M transformation and in overcoming the compression stresses due to the volume 
expansion. 
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Partially Stabilized Zirconia has been used where extremely high temperatures are 
required. The low thermal conductivity ensures low heat losses, and the high melting point 
permits stabilized zirconia refractories to be used continuously or intermittently at temperatures 
of 2,200°C in neutral or oxidizing atmospheres. Above 1,650°C (3000° F), in contact with 
carbon, zirconia is converted to zirconium carbide. Zirconia is not wetted by many metals and is 
therefore an excellent crucible material. It has been used very successfully for melting alloy 
steels and noble metals. PSZ is also used experimentally in heat engine components, such as 
cylinder liners, piston caps and valve seats 1, 4. 
1.3.3 Fully Stabilized Zirconia: 
Generally, addition of more than 16 mol% of CaO (7.9 wt%), 16-mol% MgO (5.86 wt%), 
or 8-mol% of Y2O3 (13.75 wt%), into zirconia is needed to form a fully stabilized zirconia. Its 
structure becomes a cubic solid solution, which has no phase transformation from room 
temperature up to 2,500°C. As a good ceramic ion conducting material, fully yttria stabilized 
Zirconia (YSZ) has been used in oxygen sensor and solid oxide fuel cell (SOFC) applications. 
SOFC applications have recently been attracting more worldwide attention, due to their high-
energy transfer efficiency and because of environment concerns 4. 
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1.4 Zirconia in dentistry 
Zirconia is used in dentistry for resin bonded fixed partial dentures, implants, implant 
abutments, orthodontic brackets and endodontic posts 5,6,7,8,9,10.  But it is commonly used as 
infrastructures or frameworks for single crowns and multiunit fixed partial dentures. Such 
frameworks are produced with the aid of computer-assisted design/computer assisted machining 
(CAD/CAM) 11,12.  
 
1.4.1 Types of dental zirconia materials: 
There are three common types of zirconia materials used in dentistry13: 
I. Yttria Tetragonal Zirconia Polycrystal (Y-TZP): 
Y-TZP contains 2-3% mol Y2O3, and is completely constituted by tetragonal grains with sizes 
of the order of hundreds of nanometers. The fraction of T-phase retained at room temperature is 
dependent on the size of the grains, yttria content, and the amount of constraint exerted on them 
by the matrix. Y-TZP exhibits exceptional mechanical properties 1:  
Chemical composition:  ZrO2 +3mol% Y2O3. 
Density:  >6 g cm-3. 
Porosity:  <0.1 %. 
Bending strength:  900-1200 MPa. 
Compression strength:  2000 MPa. 
Young’s modulus: 210 GPa. 
Fracture toughness KIC: 7-10 MPa m-1. 
Thermal expansion coefficient: 11x10-6 K-1. 
Thermal conductivity: 2 W m K-1. 
Hardness: 1200 HV. 
II. Glass-infiltrated zirconia-toughened alumina (ZTA):  
An example of such material in dentistry is In-Ceram® Zirconia® (VidentTM, Brea, CA), 
developed by adding 33-vol% of 12-mol% ceria stabilized zirconia (12Ce-TZP) to In-Ceram® 
Alumina®14. The material first goes through a glass infiltration process where the glass phase 
represents approximately 23% of the final product. This material exhibits lower mechanical 
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properties compared to Y-TZP material15, mainly due to increased porosity in the glass 
phase16,13. 
III. Partially stabilized zirconia (Mg-PSZ):  
The microstructure consists of tetragonal precipitates within a cubic stabilized zirconia matrix. 
The amount of MgO in the composition of commercial materials usually ranges between 8 and 
10mol%17. Denzir-M® (Dentronic AB) is an example of Mg-PSZ ceramic currently available for 
hard machining of dental restorations18,13. 
 
1.5 CAD/CAM technology: 
The concept of CAD/CAM was first introduced in 1970. Francois Duret in France, Col. 
Bruce Altschuler in the United States, and Mormann and Brandestini in Switzerland were 
investigating the application of CAD/CAM to clinical dentistry. Professor Mormann’s work led 
to the development of the Cerec-1 CAD/CAM system (Sirona, Bensheim, Germany) 19. A 
number of CAD/CAM ceramic systems have been recently introduced as summarized in Table1.  
Lava (3M/ESPE) 
This system is composed of: 
Lava CAD software.  
Lava CAM (3 to 5 axis) hardware 
A sectioned cast is positioned in the scanner. The individual preparations and the ridge are 
recorded automatically and displayed on the monitor as a 3-dimensional image. The framework 
is then designed using the software and the restoration milled from a partially sintered Lava Y-
TZP blank. The average milling time for a crown is 35 minutes, and approximately 75 minutes 
for a 3-unit fixed partial denture. The machine has a magazine capacity of 20 blanks. Different 
frameworks can be milled automatically, even overnight with an automatic tool changer. Manual 
finishing is then conducted and the frameworks can be shaded, followed by sintering for 
approximately 8 hours 20.  
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Table 1: Examples of some CAD/CAM systems 21. 
Material/ Manufacturer Usage Composition 
Cercon Smart Ceramics  
(DeguDent, Hanau, Germany) 
CAM of partially sintered Y-
TZP blanks 
5% Y2O3 TZP 
 
LAVA 
(3M ESPE, Seefeld, Germany) 
 
CAM of partially sintered Y-
TZP blanks 
3% Y2O3 TZP 
 
Procera Zirconia 
(Nobel Biocare, Göteborg, 
Sweden) 
 
CAM of partially sintered Y-
TZP blanks  
 
4.5-5.4% Y2O3 TZP 
DCZirkon 
(DCS Dental AG, Allschwil, 
Switzerland) 
 
CAM of fully sintered blanks 5% Y2O3 TZP 
 
Vita In-Ceram YZ Cubes 
(Vita Zahnfabrik, Bad Säckingen, 
Germany) 
 
CAM of partially sintered Y-
TZP blanks 
5% Y2O3 TZP 
 
Vita In-Ceram Zirconia 
(Vita Zahnfabrik, Bad Säckingen, 
Germany) 
 
Glass-infiltration processing 33% t-ZrO2 (Ce-
stabilized), 
 
 
 
1.6 Veneering Porcelain: 
The substantial increase in esthetic dentistry and patients’ demand for esthetic dental 
works has led to a rapid increase in the art and science of restorative dental materials. Due to the 
high demands to mimic or even exceed the natural look of the human teeth, veneering zirconia 
material with feldspathic porcelain has become popular. Potassium and sodium feldspar are 
naturally occurring minerals composed of potash (K2O), soda (Na2O), alumina (Al2O3) and silica 
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(SiO2). They are used in the preparation of many types of porcelain designed for metal–ceramic 
crowns and many other dental glasses and ceramics. A softer and slightly flow able leucite and 
glass phase can be formed when potassium feldspar is mixed with various metal oxides and fired 
to high temperature. The softening of this glass phase during porcelain firing allows porcelain 
powder particles to coalesce together. Liquid-phase sintering is the process by which the 
particles coalesce in dental porcelain. Feldspar has an important property, its tendency to form 
the crystalline mineral leucite when it solidifies from a molten state. Leucite is potassium –
aluminum-silicate mineral with a large coefficient of thermal expansion compared with feldspar 
glasses. Dental porcelain is therefore a mixture of clay, also known as kaolin, with silica 
(quartz), bound together by a flux or binder such as feldspar, which is a mixture of potassium 
and sodium aluminosilicates, K2O.Al2O3*6SiO2 and Na2O*Al2O3*6SiO2 as illustrated in (Figure 
3). Feldspar is the lowest fusing component and it is this, which melts and flows during firing, 
uniting the other components in a solid mass.22 
 
Figure 3: Three component composition diagram of porcelain by Della  Bona23 with A 
Presenting the raw materials in relation to the main ceramic components and B 
 Presenting various types of ceramics in relation to the main ceramic components 
 
There are many applications of ceramic powder in the dental field. They can be applied to 
metal substructures, high strength cores and onto refractory casts to make an esthetic restoration. 
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The resulting strength achieved by these materials is never fully achieved, as individual building 
and firing techniques always leave a distribution of flaws and voids. 
Working with porcelain powder required multiple firing to eliminate any firing shrinkage, 
in order to have proper tooth contour and accuracy of marginal fit of the final dental restorations. 
The porcelain powders usually had been fired before use since the manufacturer mixes the 
components, adds additional metal oxides, fuses them and then quenches the molten mass in 
water. The resultant product is known as a frit, while the process is known as fritting. Rapid 
cooling results in large internal stresses that build up in the glass. This causes extensive cracking. 
The frit material can be ground very easily to produce a fine powder for use by a dental 
technician.24 A number of other ingredients may also be present in dental porcelain powders. 
These include metal oxides, which provide the wide variety of porcelain shades. For example, 
iron oxide acts as a brown pigment, copper act as a green pigment, titanium acts as a yellowish-
brown pigment, and cobalt imparts a blue color. Another ingredient is a binder which helps in 
manipulation of the powder. 25 
1.6.1Y-TZP ceramic / veneering porcelain complex: 
Porcelain-veneered core prostheses have been used for several applications (anterior and 
posterior restorations), and these combine the strength and toughness of ceramic cores with the 
esthetics of the veneering porcelains.26 Although the mechanical characteristics of core materials 
have continuously been improved (i.e., increased toughness), the mechanical properties of 
veneering material have largely remained unchanged.27 For porcelain-veneered zirconia 
prostheses, bulk fracture of the zirconia framework appears to be quite uncommon. The most 
commonly reported complication is chipping or cracking, which is limited to the porcelain 
veneer.28  Delamination of veneering porcelain resulting in exposure of the Y-TZP core is a 
common mode of failure as well.29 
The complex relationship between the intrinsic mechanical properties of veneering porcelain and 
zirconia is very important in having successful bilayered restorations. In addition to that, the 
nature of residual stress caused by the CTE mismatch and volume of shrinkage after sintering, 
externally applied loading stress, nature of bond, nature of core surface treatment, and the 
presence and distribution of structural flow (voids) are factors that may affect the survival rate of 
bilayered (veneering porcelain/zirconia) restorations. 
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The effect of firing heat rate, holding time and core thickness on Y-TZP based materials: 
 
Fabrication of Y-TZP based restorations involves modifications and adjustments before 
and after final sintering. Those surface modifications such as grinding, sandblasting and heat 
treatment have been shown in the literature to affect the mechanical behavior of Y-TZP 
materials. This study will examine effect of Core Thickness, slow heat rate and long holding 
time firing cycles and veneering technique on Core/Veneer Failure  
1.6.2 LITERATURE REVIEW 
Extensive laboratory studies were conducted to evaluate the mechanical properties of 
zirconia-based restorations. Several theories concerning the causes of veneer fracture have been 
presented including lack of support from the underlying zirconia core, microstructural defects in 
veneering porcelain, residual thermal stresses and low thermal degradation of zirconia. 
  The role of framework thickness in the development of unstable cracks is controversial. 
Some clinical studies support the view that chipping of the porcelain layer can be eliminated by 
increasing the thickness of Y-PSZ and by reducing the thickness of the porcelain layer30,31,32. 
Lawn et al. concluded in an in vitro study that the critical load for radial fracture is strongly 
influenced by the total crown thickness (quadratically) and is much less dependent on the relative 
veneer/core ceramic layer thickness.33 
Swain reported when materials have poor thermal diffusivity, such as Y-PSZ and porcelain, the 
effective thickness for stress development corresponds to the total thickness of the restoration 
and therefore changing the ratio within the same restoration may have no effect on the 
development of tensile stresses.34 Low thermal diffusivity such as Y-PSZ veneered by thick layer 
of porcelain may generate high tensile stresses within the porcelain layer which in turn causes 
unstable cracking or chipping. 
Proos et al. examined the influence of ceramic coping thickness on the maximum stresses 
that arise in a first premolar all-ceramic crown. Axisymmetric finite element models with 
different In-Ceram Alumina coping thicknesses (0.3, 0.6, and 0.9 mm) were examined. Models 
with and without resin lute were constructed. To all models, an identical axial load of 600 N was 
applied vertically downward, over an area around the crown’s fissure. The result of this study 
showed that the resulting peak tensile maximum principal stresses in each part of the crown 
existed below the fracture strengths of the respective materials making up the crown. This was 
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true for all variations of core thickness, with and without resin lute. The peak tensile stresses in 
the coping, porcelain, and dentin decreased for an increase in core thickness. The conclusion of 
this study was; the thickness of the ceramic core has a significant influence on the resulting 
stresses in the coping, porcelain, and dentin of this axially loaded crown.35 
Mainjot conducted a study to measure with the hole-drilling method the stress in bilayered (Y-
TZP framework/ Vita VM 9 “Vita Zahnfabrik, Bad Säckingen, Germany”) disc samples 20 mm 
in diameter with 1.5 mm thick veneering ceramic layers. Six different framework thicknesses 
from 0.5 mm to 3 mm were studied; veneer thickness of 1.50 ± 0.02 mm and two different 
cooling procedures were also investigated. The study showed that compressive stress was 
observed in the surface, and tensile stresses in the depth of most of the samples. The slow 
cooling procedure was found to promote the development of interior tensile stresses, except for 
the sample with a 3 mm thick framework. With the tempering procedure, samples with a 1.5 mm 
thick framework exhibited the most favorable stress profile, while thicker and thinner 
frameworks exhibited respectively in surface or interior tensile stresses. The measurements 
performed highlight the importance of framework thickness, which determines the nature of 
stresses and can explain clinical failures encountered, especially with thin frameworks.36 
In the veneered zirconia, if the two material layers conduct heat differently, then more heat will 
escape from the material with the higher thermal conductivity. In this instance, for equal 
thickness components the temperature gradients would not be symmetric and the maximum 
temperature would occur within the material with the lowest thermal conductivity. The quantity 
of heat that will dissipate from a heated body as it cools is determined by the density, specific 
heat and thermal conductivity. If the temperature of a body is not constant, the rate of change 
with time depends on the thermal diffusivity of a material. 34  
John P. Tan et al. performed a study to measure the influence of slow heating rate and 
cooling regimens on the strength of porcelain fused to zirconia. The results revealed that slow 
cooling regimens and heating rate had statistically significant effects on failure load. 
       In a study by Ju-Won Oh et al., the impact of core material thickness and fabrication method 
of veneering porcelain fused to metal and zirconia were examined. Results of their biaxial 
flexural strength test showed that the method of veneering porcelain had the largest impact on 
the fracture strength followed by the core thickness and then the core material  
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1.6.3 Thermal Expansion Mismatch: 
The change in length per unit of the original length of a material when its temperature is 
raised by 1°C is called the coefficient of thermal expansion (CTE), α. In other words, it refers to 
how much a material expands upon heating and contracts upon cooling.37 It is calculated as 
follows, 𝑳𝑓𝑖𝑛𝑎𝑙 − 𝑳 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  𝑳 𝑜𝑟𝑖𝑔𝑛𝑖𝑎l × (°𝑪𝑓𝑖𝑛𝑎𝑙 − °𝑪𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙) 
 
Where L final is the final length of the material after heating, L original is the original length, °C 
final is the final temperature, and °C original is the starting temperature. The units are expressed 
in units of /°C or /°K, and more frequently in exponential form because the values are usually 
very small, such as ppm/K or X10-6/K. 
Every dental ceramic and alloy has its own CTE value. This will change slightly with 
temperature and is a product of the specific constituents of the material makeup. It is reported by 
the manufactures in material product data sheets. The ISO Standard 6872 for dental ceramics 
recommends that CTE values be reported as an average value with standard deviation for 
expansion of a material at 5°C/min to 10°C/min for two specimens fired twice and two 
specimens fired four times between 25°C and 500°C (or the glass transition temperature, 
whichever is lower).38 Nevertheless, manufacturers do not seem to adhere to this standard and 
report CTE values from various other temperatures or even during cooling contraction.39 Under 
these circumstances, it would be difficult and even invalid to make direct comparisons of CTE 
values amongst different products. By the same token, trying to pick the correct combination of 
CTE between various products can be difficult and may lead to failure of bilayered dental 
restorations, since differences in CTE values between core and veneering materials plays a 
critical role in the stability of the bond between them.40,41 
During cooling of a bilayered dental restoration, transient tensile stresses may cause 
crack formation in the veneering porcelain. If no cracks develop however, then residual stresses 
develop in the system as its cools down from the firing temperature above Tg to room 
temperature, either enhancing or reducing the “effective” fracture toughness of the veneering 
porcelain.42 To create favorable residual stresses, the alloy must have a slightly higher thermal 
contraction value (α) than the porcelain (known as a positive CTE mismatch).43 This produces 
𝛼 = 
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axial and hoop compressive stress within the porcelain after cooling to room temperature, and 
any tensile radial stresses which may develop are assumed to be negligible. 41Simply put, if the 
alloy and porcelain are allowed to contract freely, they would no longer fit together since the 
metal substructure will contract more than the porcelain due to its higher CTE. However, since 
they are bonded together, residual stresses develop within the system, in the form of tensile stress 
in the metal substructure and compressive stress in the veneering porcelain. Because ceramics 
are best able to resist crack propagation when they are under compression rather than tension, a 
small positive mismatch of CTE (α metal > α porcelain) is preferred in metal-ceramic 
restorations to put the veneering porcelain under slight compression. However, if the CTE of the 
alloy is much higher than that of the veneering porcelain (α metal >> α porcelain), delamination 
of the porcelain may occur. A negative mismatch of CTE (α metal < α porcelain) has been 
identified as a major contributor to crack formation due to the development of axial and hoop 
tensile stresses within the porcelain, rendering it less resistant to intraoral forces and the 
initiation of cracks from the outer surface of the porcelain inwards.44 While the exact range of 
compatible values for CTE in metal-ceramic restorations is still unknown, it is generally 
accepted that the CTE of porcelain should be about 10% lower than that of the metal 
substructure. 40 In the same way, it is also generally accepted that for all-ceramic based 
restorations, the CTE of the veneering ceramic should also be lower than that of the ceramic core 
for the establishment of a strong core/veneer bond and veneering porcelain.40,41 DeHoff and 
Anusavice suggest a positive CTE mismatch less than 1 ppm/K for all-ceramic restorations. 39 
Dental porcelains undergo changes in thermal expansion behavior as a result of multiple 
firing. Several possible mechanisms have been postulated for these observed changes: 1- 
increased or decreased coupling of leucite with the surrounding glass matrix by alteration in the 
amount or character of the micro cracking around leucite particles;2- changes in the leucite 
volume fraction of the porcelain by dissolution of leucite into the glass matrix, crystallization of 
additional leucite or conversion of leucite to sanidine; 3- retention of metastable cubic leucite 
when cooled from the porcelain firing temperature; 4- porcelain volume changes due to 
structural relaxation of the glassy matrix. 
1.6.4 Thermal Conductivity of Core Materials: 
Theoretically, the previous mentioned principles should apply to any core material, 
whether it is a metal or a ceramic, in terms of the type and magnitude of residual stresses that 
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develop in the veneering porcelain of bilayered dental restorations. So why are zirconia-based 
restorations experiencing higher adhesive chipping fractures compared to other core based 
restorations? The answer is now thought to be because of its very low thermal conductivity 
compared to all other traditionally used core materials, even other ceramic core materials.45,46  
Looking at a monolayer plate model, heat will pass through a heated plate to eventually 
equilibrate with the surrounding temperature. This heat flux is dependent on the material’s 
thermal conductivity, temperature difference, and the half thickness of the plate, and therefore 
heat transfer across materials of high thermal conductivity occurs at a faster rate than across 
materials of low thermal conductivity.47 
For solid materials, heat is transported by free electrons and by vibrational lattice waves, or 
phonons.48 Of the two heat transfer mechanisms, free moving valence electrons are much more 
efficient and effective than phonons. Metals are extremely good conductors of heat because of 
the relatively large number of free electrons that are available to participate in electric current 
and heat energy conduction. On the other hand, ceramics and polymers are poor thermal 
conductors because free electron concentrations are low and phonon conduction is primarily 
responsible for their thermal conduction. Heat transport via the elastic vibration of the materials 
lattice (phonons) is highly limited due to phonon scattering by lattice imperfections. Therefore, 
glass and amorphous ceramics are low thermal conductors since their atomic structure is highly 
disordered and irregular. 49In fact, ceramics have been widely used as thermal insulators due to 
their low thermal conductivity, and their inherent resistance to oxidation, corrosion and wear.49 
In order to understand how the thermal conductivity of a core material can influence residual 
stress formation, first we need to appreciate the considerable difference in thermal conductivity 
between zirconia and other core materials. Table2 lists the thermal conductivity of some 
commonly used core materials. Gold alloy is the best heat conductor (200 Wm-1K-1), followed by 
base metals and alumina ceramic (40 Wm-1K-1 and 30 Wm-1K-1 respectively), while zirconia has 
a thermal conductivity of 2 Wm-1 K-1, which is 100 times less than gold alloys and 15 times less 
than alumina. 
 
Table 2: Thermal conductivity of common dental materials from highest to lowest.45 
Materials Thermal conductivity (W-1K-1) 
Gold alloys 200 
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Base metals 40 
Alumina 30 
In-Ceram alumina 14 
Zirconia 2 
Feldspathic porcelain 2 
 
As a consequence, when a metal-ceramic restoration is fast cooled by air-bench cooling, 
the veneering porcelain, which begins at a temperature above Tg, cools rapidly both from the 
outside and the inside of the restoration. On the other hand, when a zirconia-based restoration is 
fast cooled, the center of the veneering porcelain close to the zirconia core remains longer at 
temperatures above Tg. This is because the zirconia core traps the internal temperature by fault 
of its very low thermal conductivity, while the surface of the restoration cools at a faster rate. 
This forms a large thermal gradient between the outer surface of the veneering porcelain and the 
inner regions, and in effect develops high residual tensile zones within the inner regions of the 
veneer. In contrast, when zirconia restorations are slow cooled, that is the entire veneering 
porcelain thickness is allowed to cool down below Tg before the restoration is removed from the 
furnace, then any residual stresses that develop in the system are the result of CTE mismatch and 
any geometric influences, such as the core/veneer thickness ratio. 45It would appear that since no 
large thermal gradients develop between the inner and outer regions of the veneering porcelain 
when the porcelain is above Tg, then only transient tensile stresses develop but no permanent 
residual stress zones. 
Originally applying porcelain veneers to zirconia frameworks were engineered with the PFM 
concept in mind. The veneering ceramics were adapted to zirconia frameworks performing 
Coefficient of Linear Thermal Expansion (CTE) measurements and thermal shock testing.50  
This CTE was modified to achieve a lower value than that of the zirconia framework. Based on 
the principle that compressive stress improves the mechanical behavior of the veneering ceramic, 
this approach was intended to develop residual compressive stress within the veneer during the 
cooling process.51,52 Many studies measured residual stress profiles in veneering ceramic and 
proposed a slow cooling procedure to reduce fracturing in veneers. However, zirconia-based 
samples often exhibited tensile stress in the interior of the veneering ceramic layer in contact 
with the framework. The presence of interior tensile stress was related to the slow cooling rate 
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and to the high veneer/framework thickness ratio.53,54 
The adequate ratio between veneering ceramic and zirconia is hard to define, restricting the 
range of indications of zirconia-based restorations until a better understanding of such delicate 
veneering processes is achieved. 
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Chapter 2 OBJECTIVES 
 
1. Evaluate and compare the effect of different veneering technique, YZ core thicknesses, firing 
heat rates and holding times on the flexural strength of VITA VM9 and IPS E.max Ceram  
2. Evaluate and compare the effect of different veneering technique, YZ core thicknesses, firing 
heat rates and holding times on the thermal shock resistance of VITA VM9 and IPS E.max 
Ceram  
3. Evaluate and compare the thermal conductivity of different YZ core thicknesses 
 
NULL HYPOTHESIS 
1.  Veneering technique, zirconia core thickness, firing heat rate, and holding time have no 
significant effect on the biaxial strength of VITA VM9 and IPS e.max Ceram porcelain 
materials. 
2.  Veneering technique, zirconia core thickness, firing heat rate, and holding time have no 
significant effect on the thermal shock resistance of VITA VM9 and IPS E.max Ceram 
porcelain materials. 
3. Zirconia Core thickness, firing heat rate, and holding time have no effect on thermal 
conductivity of a zirconia core 
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Chapter 3 MATERIALS AND METHODS 
This study was designed to examine different properties of VITA VM9 and IPS e.max 
Ceram veneering materials under three different holding times, two different heating rates, three 
different Y-TZP core thicknesses, and two veneering techniques. 
 
3.1 Materials: 
        In this study, one core material (Vita In-Ceram YZ) was used as a firing substrate for two 
porcelain veneers (VITA VM9 and IPS e.max Ceram). Each porcelain veneer was fired using 
different thickness of YZ and different firing cycles. 
3.1.1 Core Material 
The core material selected for this study was Vita In-Ceram YZ which is used as a firing 
substrate for veneer porcelain with different thickness. The material comes as blocks which were 
sectioned and then sintered.  
3.1.1.1 VITA In-Ceram YZ 
VITA In-Ceram YZ (Vita Zahnfabrik, Germany) blocks for CEREC are 
partially sintered blocks which consist of Y-TZP (Yttria stabilized Tetragonal Zirconia 
Polycrystal). These are CAD/CAM milled and then dense sintered at 1530°C in a high 
temperature furnace (VITA Zyrcomat). They are used to fabricate strong all ceramic frameworks 
for crowns and multi-unit bridges. 
  VITA In-Ceram YZ cubes reveal isotropic shrinkage of approximately 20-25% 
during the sintering process. After sintering, a dense, pore-free structure is obtained. Chemical 
composition and physical properties are listed in Table 3 andTable4. 
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Table 3: Chemical composition of In-Ceram YZ. 
Composition Percentage (wt%) 
ZrO2 >90% 
Y2O3 5% 
HfO2 <3% 
Al2O3 <1% 
SiO2 <1% 
 
Table 4: Physical properties of In-Ceram YZ. 
                      Property Unit Value 
Coefficient of thermal expansion (25 – 500 °C) 10-6K-1 1
0.5 
Chemical solubility (ISO 6872) µg/cm2 <20 
Density g/cm3 6.05 
Flexural strength MPa >
900 
Fracture Toughness MPa.m0.5 5.9 
Modulus of Elasticity GPa 210 
 
 
 
Figure 4: In-Ceram YZ blocks as received from the manufacturer 
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3.1.2 Veneering porcelains: 
Two veneering porcelains were used in this study, VITA VM9 and IPS e.max Ceram. 
The materials were provided in powder form and manufacturers’ instructions were followed to 
prepare porcelain discs. Each disc was fired using different YZ thicknesses and different firing 
cycles as explained in the methods section. 
 
Table 5: Physical properties of VITA VM9   
PROPERTIES VALUE UNIT 
CTE (25-500 °C) 8.8 – 9.2 10E-
6K-1 
Chemical Solubility Approx. 10 µg/cm2 
Biaxial Flexural Strength 98.9 ± 18.0 MPa 
 
Table 6:  VITAVM9 chemical composition percentage wt% 
Composition Percentage wt% Composition Percentage (wt%) 
SiO2 60-64% ZrO2 0-1% 
AL2O3 13-15% CaO 1-2 % 
K2O 7-10% B2O3 3-5% 
Na2O 4-6% BaO 1-3 % 
TiO2 < 0.5% SnO2 < 0.5 % 
CeO2 < 0.5% Mg, Fe, P oxides < 0.1% 
 
3.1.2.1. VITA VM9 
VITA VM9  (Vita Zahnfabrik, Germany) Figure 5 , is a high melting, natural fine 
structure, feldspathic veneering material. It is characterized by the homogenous distribution of 
the crystal and glass phases after firing and has been designed as a special veneering ceramic 
featuring a fine structure for partially yttrium-stabilized ZrO2 substructures with a CTE of 
approx. 10.5 E-6 K-1, such as VITA In-Ceram YZ. The material is also perfectly suited for 
 22 
individualizing VITA BLOKCS and for individualizing pressed VITA VM 9 restorations. 
Physical properties and chemical composition are shown in Table 5and Table 6. 
 
 
Figure 5: VITA VM9  (Vita Zahnfabrik, Germany) 
 
3.1.2.2. IPS e.max Ceram 
IPS e.max Ceram (Ivoclar Vivadent, Liechtenstein), Figure 6, is a low-fusing 
nanofluorapatite glass-ceramic which permits the veneering, and characterization of restorations 
fabricated using either press technology and/or CAD/CAM technology. This glass-ceramic, 
which contains nano-fluorapatite crystals, demonstrates a crystal structure similar to that of vital 
teeth. The optical properties are controlled by the nanofluorapatite crystals in the size range of 
100–300 nm and microfluorapatite crystals with a length of 1–2µm. IPS e.max Ceram materials 
contain different concentrations of the apatite crystals, which then enable a unique and adjustable 
combination of translucency, brightness and opalescence, depending on the type of layering 
material. Physical properties and chemical composition are shown in Table 7 and Table 8  
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Table 7: Physical properties of IPS e.max Ceram 
PROPERTIES VALUE UNIT 
CTE (100-400 °C) 9.5 10E-
6K-1 
Chemical Solubility 15 µg/cm2 
Biaxial Flexural Strength 90 MPa 
 
Table 8: IPS e.max Ceram chemical composition 
Composition Percentage wt% Composition Percentage (wt%) 
SiO2 60-65% B2O3 < 0-4% 
AL2O3 8-12% F < 6% 
K2O 6-8% P2O5 < 6 % 
Na2O 4-6% Other Oxides 2-8.5 % 
CaO 6-9% Pigments 0.1 – 1.5 % 
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Figure 6: IPS e.max Ceram (Ivoclar Vivadent, Liechtenstein) 
3.2 Methods 
Tests 
3.2.1 Flexural Strength Test 
3.2.1.1 YZ slides preparation: 
VITA In-Ceram YZ blocks are commercially available in partially sintered blocks with 
dimensions of 55x19 x15.5mm (Figure 4) Blocks were mounted in a high-speed diamond saw 
(Isomet 5000, Linear precision saw, Buehler; Buehler Ltd., Lake Bluff, IL), (Figure 7)which was 
used to cut three slices with different thicknesses from the block. The machine used copious 
amount of water as a lubricant. The diamond wafering blade was adjusted to a speed of 600 
RPM, and a load of 200g. Blade position was adjusted to be 2.381, 4.381,and 8.381 mm in 
compensation for the blade thickness (0.381mm) to obtain 2.00, 4.00, and 8.00 mm thick slides 
(Figure 8). 
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Figure 7: Isomet 5000 Buehler; Buehler Ltd., Lake Bluff, IL 
   
Figure 8: Fully separate YZ slides (8.00mm, 4.00mm, and 2.00mm) 
 
The samples were then sintered according to the manufacturer’s recommendation 
(1530°C) in a high-temperature furnace (VITA ZYrcomat T) Table 9 and Figure 9  . With 
shrinkage of approximately 20% after sintering, the slides after sintering were 1.65, 3.25 and 
6.50 mm thick, as shown in Figure 10.  
 
Table 9: Sintering specifications for Vita In-Ceram YZ in Vita ZYrcomat Furnace. 
Rising rate 
(°C/min) 
Rising time 
(min) 
End temp 
(°C) 
Holding time 
(min) 
Oven cooling 
(°C) 
17 90 1530 120 400 
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Figure 9: Vita ZYrcomat T furnace 
 
 
 
Figure 10: Fully separate sintered YZ slides (6.50mm, 3.25mm and 1.65mm) 
 
Prior to porcelain application, all prepared sintered zirconia plates were cleaned, washed 
and dried. Conductive Carbon Paint, (SPI supplies Division of Structure Probe, INC.) (Figure 
11)  was used as a separating medium. It was applied directly and evenly on the YZ plate; the 
specimen was left to dry for 15 minutes. 
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Figure 11: Conductive Carbon Paint. SPI supplies Division of Structure Probe (left) 
Painted YZ tray (right) 
 
3.2.1.2 Preparation of Veneering Materials: 
3.2.1.2.1 Hand layered porcelain discs-  
  A plastic mold 2.4 mm thick with an inner radius of 19 mm and was used (Figure12) . 
The mold was painted with a porcelain-separating medium (Magic separator, Noritake, Japan) 
(Figure13) and was placed on a glass slab. Porcelain powder was hand mixed with E-max Ceram 
build up liquid for e-max Ceram, and Vita modeling liquid for VITA VM9  (Figure16) on a 
porcelain Mixing Tray (Tropicolino, Renefert Co., USA) (Figure14) using recommended 
instruments and brushes (Figure15). The mix was condensed into the mold under vibration. 
Excess moisture was removed with an absorbent wipe (Kimwipes, Kimberly-Clark®, USA) 
(Figure15) 
 
 28 
 
Figure 12: Acrylic (plastic) mold with radius of 19 mm, 2.4 mm thick  
 
 
Figure 13: Magic separator, Noritake, Japan 
 
 
Figure 14: Tropicolino, Renefert Co., USA 
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Figure 15: Instruments and materials used in sample preparation 
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Figure 16: E-max Ceram build up liquid (left), Vita modelling liquid (right) 
 
The disc was removed from the mold by pressing the filled mold against a negative 
imprint of the mold made in Acrylic (Figure17) . The formed 
disc was slid and pushed gently with a glass plate to one of the different thickness (1.65, 3.25, 
6.50 mm) of firing trays made of Vita in-Ceram YZ. They were then fired according to the 
manufacturer´s recommendations  or with either of two cycles with different firing heat rate and 
holding time, (Figure18) . 
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Figure 17: Formed porcelain disc with mold (A), Formed porcelain disc without mold (B) 
 
 
Figure 18: Veneering materials fired on different thickness of YZ trays. 
 
 
 
3.2.1.2.2 Pressed porcelain discs 
Each 1gm  porcelain powder was pressed uniaxially in a 19 mm diameter steel mold at 78 MPa 
(11,000 psi) with a Carver hydraulic press (Carver Laboratory Press) (Figure 27). Then the 
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pressed discs was removed and placed on the firing trays (Figure 19) , as was done in the Hand 
Layered porcelain 
 
Figure 19: Porcelain disc after pressing 
 
After firing it was observed that the porcelain disc shrunk from 19mm in diameter to 16 mm, all 
porcelain discs were labeled according to firing cycles in the study design (Figure20) 
 
 
Figure 20: Porcelain discs before and after firing (left), samples labeled after firing 
 
Each group of the assembly (VITA VM9 /YZ) was subjected to one of three firing cycles 
(Table 10) using a Vita Vacumat 6000 M furnace (Vita Zahnfabrik, Germany) (Figure 21) 
according to the study design (Figure 23). The firing cycles were programmed as follows: 
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Table 10: Firing chart for conventional veneering porcelains VITA VM9  ( Body) 
Porcelain Firing 
Cycle 
Number 
Pre-heating 
temp (°C) 
Drying 
time 
(min) 
Heat rate 
(°C/min)           
Firing 
temp 
(°C) 
Holding 
time 
(min) 
VITA VM®9 Firing 
Cycle 1 
500 6 55 910 1 
Firing 
Cycle 2 
500 6 20 910 2 
Firing 
Cycle 3 
500 6 20 910 3 
 
 
Figure 21: Vita Vacumat 6000 M furnace (Vita Zahnfabrik, Germany) 
 
Each group of the assembly (IPS e.max Ceram/YZ) was subjected to one of three 
firing cycles ( Table11 ) using a Programat CS furnace (Ivoclar Vivadent, Liechtension) (Figure 
22 )according to the study design (Figure 24). The firing cycles were programmed as follows: 
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Table 11: Firing chart for conventional veneering porcelains IPS e.max Ceram(Body) 
Porcelain Firing 
Number 
Pre-heating 
temp (°C) 
Closing 
time 
(min) 
Heat rate 
(°C/min)           
Firing 
temp 
(°C) 
Holding 
time 
(min) 
IPS e.max 
Ceram 
Firing 
Cycle 1 
403 4 40 750 1 
Firing 
Cycle 2 
403 4 30 750 2 
Firing 
Cycle 3 
403 4 30 750 3 
 
 
Figure 22: Programat CS furnace (Ivoclar Vivadent, Liechtension) 
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Figure 23: Study design, VITA VM9 
VITA	VM9	
144	discs
72	Pressed
VITA	In-Ceram	YZ
18	(Thickness:	
1.65mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
3.25mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZv
18	(Thickness:	
6.50mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
Hand	
Layered	72
VITA	In-Ceram	YZ
18	(Thickness:	
1.65mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
3.25mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
6.50mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
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Figure 24: Study design, IPS e.max Ceram 
IPS	E.max
Ceram
144	discs
72	Pressed
VITA	In-Ceram	YZ
18	(Thickness:	
1.65mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
3.25mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZv
18	(Thickness:	
6.50mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
Hand	
Layered	72
VITA	In-Ceram	YZ
18	(Thickness:	
1.65mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
3.25mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
VITA	In-Ceram	YZ
18	(Thickness:	
6.50mm)
6	samples	firing	cycle	#1
6	samples	firing	cycle	#2
6	samples	firing	cycle	#3
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3.2.1.3 Biaxial Flexural Strength Test 
Ball-on-three-balls biaxial flexural strength tests were performed in a universal testing 
machine (Instron Model 4202; Instron Co., Canton, MA) with a crosshead speed of 0.5 mm/min, 
full-scale load of 10 KN. 
Each disc specimen was positioned centrally on three hardened steel balls (2mm diameter, 120 0 
apart) forming a support circle of 15 mm diameter, (Figure 25). The discs were positioned so that 
maximal tensile force was generated on the treated surfaces. A compressive force was exerted on 
the superior surface of the specimen, and tensile force was exerted on the inferior surface (Figure 
26).  At specimen fracture, the machine recorded the failure load. Thickness and diameter of the 
discs were measured using a micrometer (Model No. CD-4 CS; Mitutoyo Corp., Japan), and the 
biaxial strength was calculated using the following equation: 
                                        σ = -0.2387[P (X-Y)]/d2 
Where σ = biaxial tensile strength (MPa), P= total load at fracture (N), X = (1 +v) Ln (B/C)2 
+[(1-v)/2] (B/C)2, Y=(1+v) [1+Ln (A/C)2] +(1-v) (A/C) 2, v = Poisson's ratio, A = radius of 
support circle (mm), B = radius of loaded area or ram tip (mm), C = radius of specimen (mm), 
and d = specimen thickness at fracture origin (mm). 
 
Figure 25: Biaxial flexural test. 
 38 
 
Figure 26: Ball on three balls biaxial strength test. 
 
 
3.2.2 Thermal shock         
3.2.2.1 YZ Core discs’ preparation  
Each 20 gram aliquot of Tosoh Y-TZP powder was pressed uniaxially in a 19 mm 
diameter steel mold at 78 MPa (11,000 psi) with a carver Hydraulic Press (Karver Laboratory 
Press, (Figure27). Then the blocks were put into plastic bags and vacuum sealed. The sealed bags 
were put in to an ISO press chamber (Figure 28) with water, and isostatically pressed at 138 MPa 
(20,000 psi). 
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Figure 27: Carver press 
 
 
Figure 28:Y-TZP blocks in vacuum sealed plastic bags (left), Isostatic pressure machine (right) 
 
 The blocks were then bisque sintered to approximately 50% theoretical density according to the 
manufacturing protocol.  
TZ3YSB-E blocks were dewaxed at 500oC for 2 hours holding time with heating rate 1oC/minute 
then partially sintered at 1000oC for 2 hours holding time with heating rate 1.7oC/minute with 
Ney VulcanTM 3-1750 furnace (US Dental Depot, USA) (Figure 29). All the blocks were cooled 
down at a rate of 50°C/ hour. 
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Figure 29: Zircar furnace 
 
After the cylinders cooled down, the stubs were glued to the blocks positioned under weights 
(Figure30) in order to create the handle (Figure 31) 
 
Figure 30: The stubs were glued to the blocks with the weights 
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Figure 31: Y-TZP blocks with stubs 
 
The cylindrical blocks were sliced to produce 2.00, 4.00, and 8.00 mm thick discs using a 
BUEHLER Isomet-5000 precision saw® (Figure7) The cutting was performed under running 
water, with a blade speed of 600 RPM and load of 200g. In each cut the sectional increment was 
adjusted to be 2.381, 4.381, and 8.381 mm in compensation for the blade thickness(0.381mm) to 
obtain 2.00, 4.00, and 8.00 mm thick discs.  
 
Surface treatment of Y-TZP discs: 
As sintered 
Y-TZP discs were sintered according to the manufacturer’s recommendation, (Table 10) with no 
further treatment.  
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Figure 32: Y- TZP discs before and after sintering 
 
Veneering procedure for VITA VM9: 
In preparation for the veneering procedure, all discs were cleaned and dried according to 
the manufacturers recommendations. The discs were placed in an acrylic mold that aided in 
controlling the thickness of the applied porcelain  
Porcelain powder was hand mixed with Vita modeling liquid for VITA VM9  (Figure 16)  on a 
porcelain Mixing Tray (Tropicolino, Renefert Co., USA) (Figure 14) and then applied in two 
stages according to the manufacturer’s recommendation.  
A thin wash or liner layer (Figure33). Fired according to the manufacturer’s recommendation 
(Table 12) 
 
Figure 33: VITA VM9 wash layer 
A body or dentin layer that was applied over the wash in two ways 
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3.2.2.1.1 Hand Layered 
The mix was condensed under vibration into the acrylic mold (Figure 33), (Figure 34).  
Excess moisture was removed with an absorbent wipe (Kimwipes, Kimberly-Clark®, USA). The 
porcelain was fired in a porcelain-firing furnace Vita Vacumat 6000 M furnace (Vita Zahnfabrik, 
Germany). A Thermologger was connected to the furnace to measure the temperature of the 
specimens (Figure35). 
 
 
Figure 34: Acrylic mold 
 
 
Figure 35: Y-TZP in the acrylic mold (left), Porcelain condensed on Y-TZP disc (middle), 
porcelain/Y-TZP assembly (right) 
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Figure 36: VITA VM9 /Y-TZP assembly fired in Vita Vacumat 6000 M furnace (Vita 
Zahnfabrik, Germany) (left), Thermologger connected (right) 
 
 
Figure 37: VITA VM9 /Y-TZP assembly after firing 
 
3.2.1.1 2 Pressed 
Each 700 milligrams of VITA VM9 powder was uniaxially pressed in a 16 mm diameter 
steel mold at 78 MPa (11,000 psi) with a carver press (Carver Laboratory Press, Figure 27 ). 
Then the pressed discs was removed and placed on the Y-TZP discs (Figure 38) . 
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Figure 38: Pressed porcelain disc as it pushed out from the steel mold (left), pressed 
porcelain/Y-TZP assembly for firing (right) 
 
Each group of the assembly, (VITA VM9 /Y-TZP) was subjected to one of three firing cycles 
(Table 11) according to the study design illustrated in Figure 23. 
 
Table 12: Firing chart for conventional veneering porcelains VITA VM9  (Wash Layer) 
 
Porcelain Pre-heating 
temp (°C) 
 
Drying 
time 
(min) 
Heat rate 
(°C/min) 
Firing 
temp 
(°C) 
Holding 
time 
(min) 
VITA VM®9  
500 
 
2 
 
55 
 
950 
 
1 
 
3.2.2.2 Veneering procedure for IPS E-max Ceram: 
In preparation for the veneering procedure, all discs were cleaned and dried according to 
the manufacturer’s recommendations. The discs were placed in an acrylic mold that aided in 
controlling the thickness of the applied porcelain  
Porcelain powder was hand mixed with E-max Ceram build up liquid on a porcelain mixing tray 
(Tropicolino, Renefert Co., USA) and then applied in two stages according to the manufacturer’s 
recommendation.  
A thin layer of Zirliner (Figure39). 
A thin wash or liner layer (Figure39). 
A body or dentin layer was applied over the wash in two ways 
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3.2.2.2.1- Hand Layered 
  The mix was condensed under vibration into the acrylic mold (Figure 34), (Figure 35). 
Excess moisture was removed with an absorbent wipe (Kimwipes, Kimberly-Clark®, USA), 
 
 
Figure 39: Zirliner applied on Y-TZP discs (left), Wash layer applied (right) 
 
Figure 40: IPS E-max Ceram/Y-TZP before sintering (left), after sintering (right) 
              
 3.2.2.2.2- Pressed 
Each 700 milligram sample of VITA VM9  powder was pressed uniaxially in a 16 mm 
diameter steel mold at 78 MPa (11,000 psi) with a Carver  press (Carver Laboratory Press, 
Figure27 ). Then the pressed discs were removed and placed on the Y-TZP disc (Figure 40). 
 
Table 13:  Firing chart for conventional veneering porcelains IPS e.max Ceram (Zirliner) 
Porcelain Pre-heating 
temp (°C) 
 
Closing 
time 
(min) 
Heat rate 
(°C/min) 
Firing 
temp 
(°C) 
Holding time 
(min) 
IPS e.max 
Ceram 
                        
403 
                
4.00 
                
40 
 
960 
` 
1 
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Table 14: Firing chart for conventional veneering porcelains IPS e.max Ceram (Wash layer) 
Porcelain Pre-heating 
temp (°C) 
 
Closing 
time 
(min) 
Heat rate 
(°C/min) 
Firing 
temp 
(°C) 
Holding time 
(min) 
IPS e.max 
Ceram 
                        
403 
                
4.00 
                
40 
 
750 
` 
1 
 
Each group of the assembly (IPS e.max Ceram/Y-TZP) was subjected to one of three 
firing cycles (Table 12) using a Programat CS furnace (Ivoclar Vivadent, Liechtension) (Figure 
22) according to the study design (Figure 24) 
  
3.2.2.3 Thermal Shock Test 
The thermal shock test was done with a vertical tube furnace designed specifically for 
this test (Pober’s shock furnace model A, Boston University, Boston, MA, USA) (Figure 43, 
Figure44). Samples were placed in a metal mesh basket along with one zirconia sample that been 
attached to a thermocouple. The basket was held in the middle of the furnace by a metal rod.  
The thermal shock test started at 90°C for the samples to be equilibrated.  Then the basket was 
released into an ice water bath below the furnace. The sample was dried, and placed back in the 
furnace. When the temperature reached 90°C again, samples were released and slowly cooled at 
room temperature. Afterwards, tiles were examined for failures such as cracks, chipping, and 
debonding. Inspection was performed in two ways: 
3.2.2.4 Visual examination. 
The specimens were exanimated by naked eye for crack and chipping.  
 
3.2.2.5 Application of fluorescent dye penetrant  
(ZYGLO® ZL-27A, MAGNAFLUX®, Glenview, IL, USA) (Figure 41) and visual examination 
under ultra-violate light. 
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Figure 41: Fluorescent dye penetrant (ZYGLO® ZL-27A, MAGNAFLUX®, Glenview, IL, 
USA). 
 
 
If there was no failure detected, Figure45 the sample was placed in the basket again, and the test 
was repeated with increasing temperature increments of 10°C until failure occurred. The same 
cycle of quenching and slow cooling was repeated.  
 
Figure 42:Thermal shock test. 
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Figure 43: Diagram of thermal shock furnace. 
 
Figure 44: Pober’s shock furnace model A, Boston University, Boston, MA, USA (left), 
Thermologger connected (right) 
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Figure 45: Dye penetrant (cracks present) 
 
3.2.3 Statistical analysis: 
The results were recorded as means ± the standard deviations and coefficients of 
variance. Differences in the biaxial flexural strengths, and differences in thermal shock resistance 
were analyzed using one-way analysis of variance (ANOVA). The Post Hoc tests were 
performed using Tukey-Kramer HSD test for multiple comparisons. A P-value ≤ 0.05 was 
regarded as statistically significant.  All statistical analyses were performed using JMP® Pro 
12.1.0 software (SAS Institute Inc., Cary, NC).  
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Chapter 4 RESULTS 
 
 
Two veneering materials (VITA VM9 and IPS e.max Ceram) were tested in this study 
using two veneering techniques (Hand Layered (HL), Pressed (PR)), three different thickness of 
Vita In-Ceram YZ core material (1.65 mm, 3.25 mm and 6.50 mm) and three firing Cycles: (1) 
According to the manufacturer’s instructions; (2) Two cycles with different firing heat rate 
temperatures below the recommended value for each veneer material and two different holding 
times. A total of 18 different combinations for each veneering porcelain were subjected to 
different tests, flexural strength and thermal shock. 
 
The results include: 
4.1 Biaxial flexural strength data of veneer porcelain.  
4.2 Thermal shock data of veneer porcelain. 
4.1 Biaxial flexural strength of veneering porcelain 
4.1.1 Biaxial Flexural Strength test of VITA VM9   
4.1.1.1 Effect of YZ Core thickness and firing cycle on biaxial flexural strength of Hand 
Layered (HL) VITA VM9    
The mean biaxial flexural strength values (MPa) for Hand Layered porcelain veneer 
VITA VM9  fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thickness (1.65 mm, 
3.25 mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (150.78 ±23.95 
MPa), Cycle 1/3.25 mm (137.043±29.77 MPa), Cycle 1/6.50 mm (117.84± 13.68 MPa), Cycle 
2/1.65mm (143.015±31.069 MPa), Cycle 2/3.25 mm (160.359±32.082 MPa), Cycle 2/6.50 mm 
(148.312±17.901 MPa), Cycle 3 /1.65 mm (150.187±24.410 MPa), Cycle 3/3.25 mm 
(147.912±24.0372 MPa) and Cycle 2/6.50 mm(157.397±16.403 MPa), as shown in Table 20 and 
(Figure 46-59)  
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4.1.1.1.1 Effect of YZ core thickness on biaxial flexural strength of (HL) VITA VM9 fired 
with three different firing cycles 
 
 
There were significant differences in the effect of YZ core thickness on VITA VM9  biaxial 
flexural strength using three different firing cycles, as seen in Table 22 and Table 23 . The null 
hypothesis that there were no differences in the effect of YZ core thickness was rejected (Figure 
46-51).  
 
4.1.1.1.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 55 °C/ 
Min, Hold Time 1 Minute) 
 
 
Figure 46: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute)  
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Figure 47: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
three different YZ core thicknesses  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 
Minute)  
4.1.1.1.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 20 °C/ 
Min, Hold Time 2 Minute ) 
 
Figure 48: Mean values of VITA VM9 biaxial flexural strength on three different YZ core 
thicknesses and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 Minute), Hand Layered (HL) 
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Figure 49: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
three different YZ core thickness  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 
Minute) 
4.1.1.1.1.3 Effect of three different YZ core thicknesses and firing cycle 3 (Heat Rate 20 °C/ 
Min, Hold Time 3 Minute )  
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Figure 50: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minute ) 
 
Figure 51: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
three different YZ core thickness  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 
Minute) 
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4.1.1.1.2 Effect of firing cycle on biaxial flexural strength of (HL) VITA VM9 fired on three 
different YZ core thicknesses 
 
There were significant differences due to the firing cycle on VITA VM9  biaxial flexural 
strength fired on three different YZ core thicknesses  as shown on Table 22 and Table 23 . The 
null hypothesis that there is no difference in the effect of firing cycle was rejected (Figure 52-
57).  
 
4.1.1.1.2.1 Effect of three different firing cycles for YZ Core Thickness 1.65mm 
 
 
 Figure 52: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on  YZ 
core thickness 1.65mm  and three different firing cycles  
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Figure 53: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
1.65mm YZ core thickness  and three different firing cycles   
4.1.1.1.2.2 Effect of three different firing cycles for YZ Core Thickness 3.25mm 
 
 
Figure 54: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on  YZ 
core thickness 3.25mm  and three different firing cycles  
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Figure 55: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
3.25mm YZ core thickness  and three different firing cycles   
4.1.1.1.2.3 Effect of three different firing cycles for YZ Core Thickness 6.50mm 
 
 
Figure 56: Mean values of Hand Layered (HL) VITA VM9 biaxial flexural strength on  YZ core 
thickness 6.50mm  and three different firing cycles  
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Figure 57: Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
1.65mm YZ core thickness  and three different firing cycles   
 
Table 15: Connecting Letters Report 
Level   Mean 
Cycle 3 A  157.39695 
Cycle 2 A  148.31201 
Cycle 1  B 117.84005 
Levels not connected by the same letter are significantly different 
Table 16: Ordered Differences Report 
Level  -Level Difference Std Err Dif Lower CL Upper CL p-Value 
Cycle 3 Cycle 1 39.55690 9.290417 15.4253 63.68848 0.0019* 
Cycle 2 Cycle 1 30.47196 9.290417 6.3404 54.60354 0.0132* 
Cycle 3 Cycle 2 9.08494 9.290417  -15.0466 33.21652 0.6014 
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4.1.1.1.2.4 Effect of all firing cycles, YZ thicknesses on Hand layered samples 
 
Figure 58: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycles 
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Figure 59: Mean values of Hand Layered (HL) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycles 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, ANOVA and Tukey HSD are described below (Table 17-23). 
Table 17: One way Anova Summary of Fit 
Rsquare 0.361161 
Adj Rsquare 0.24759 
Root Mean Square Error 24.73575 
Mean of Response 140.6717 
Observations (or Sum Wgts) 54 
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Table 18: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
ID 8 15565.852 1945.73 3.1800 0.0061* 
Error 45 27533.582 611.86   
C. Total 53 43099.434    
 
Table 19: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL, 1.65mm, Cycle 1 6 131.779 10.098 111.44 152.12 
HL, 1.65mm, Cycle 2 6 143.015 10.098 122.68 163.35 
HL, 1.65mm, Cycle 3 6 150.187 10.098 129.85 170.53 
HL, 3.25mm, Cycle 1 6 122.736 10.098 102.40 143.08 
HL, 3.25mm, Cycle 2 6 160.359 10.098 140.02 180.70 
HL, 3.25mm, Cycle 3 6 147.912 10.098 127.57 168.25 
HL, 6.50mm, Cycle 1 6 104.348 10.098 84.01 124.69 
HL, 6.50mm, Cycle 2 6 148.312 10.098 127.97 168.65 
HL, 6.50mm, Cycle 3 6 157.397 10.098 137.06 177.74 
Std Error uses a pooled estimate of error variance 
Table 20: Means and Std Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
HL, 1.65mm, Cycle 
1 
6 131.779 29.2608 11.946 101.07 162.49 
HL, 1.65mm, Cycle 
2 
6 143.015 31.0697 12.684 110.41 175.62 
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HL, 1.65mm, Cycle 
3 
6 150.187 24.4102 9.965 124.57 175.80 
HL, 3.25mm, Cycle 
1 
6 122.736 23.4210 9.562 98.16 147.32 
HL, 3.25mm, Cycle 
2 
6 160.359 32.0823 13.098 126.69 194.03 
HL, 3.25mm, Cycle 
3 
6 147.912 24.0372 9.813 122.69 173.14 
HL, 6.50mm, Cycle 
1 
6 104.348 18.5527 7.574 84.88 123.82 
HL, 6.50mm, Cycle 
2 
6 148.312 17.9014 7.308 129.53 167.10 
HL, 6.50mm, Cycle 
3 
6 157.397 16.4034 6.697 140.18 174.61 
 
Table 21: Confidence Quantile 
q* Alpha 
3.25714 0.05 
Table 22: Connecting Letters Report 
Level   Mean 
HL, 3.25mm, Cycle 2 A  160.35883 
HL, 6.50mm, Cycle 3 A  157.39695 
HL, 1.65mm, Cycle 3 A B 150.18695 
HL, 6.50mm, Cycle 2 A B 148.31201 
HL, 3.25mm, Cycle 3 A B 147.91209 
HL, 1.65mm, Cycle 2 A B 143.01508 
HL, 1.65mm, Cycle 1 A B 131.77941 
HL, 3.25mm, Cycle 1 A B 122.73640 
HL, 6.50mm, Cycle 1  B 104.34795 
Levels not connected by same letter are significantly different 
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Table 23: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
56.01088 14.28119 9.4950 102.5268 0.0083* 
HL, 6.50mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
53.04900 14.28119 6.5331 99.5649 0.0149* 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
45.83900 14.28119  -0.6769 92.3549 0.0562 
HL, 6.50mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
43.96406 14.28119  -2.5519 90.4800 0.0772 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
43.56414 14.28119  -2.9518 90.0800 0.0824 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
38.66713 14.28119  -7.8488 85.1830 0.1742 
HL, 3.25mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 1 
37.62243 14.28119  -8.8935 84.1383 0.2015 
HL, 6.50mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 1 
34.66055 14.28119  11.8554 81.1765 0.2950 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
28.57942 14.28119  -17.9365 75.0953 0.5506 
HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 1 
27.45055 14.28119  -19.0654 73.9665 0.6027 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
27.43145 14.28119  -19.0845 73.9474 0.6036 
HL, 6.50mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
25.61754 14.28119  -20.8984 72.1334 0.6858 
HL, 6.50mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 1 
25.57561 14.28119  -20.9403 72.0915 0.6876 
HL, 3.25mm, HL, 3.25mm, 25.17569 14.28119  -21.3402 71.6916 0.7051 
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Cycle 3 Cycle 1 
HL, 1.65mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 1 
20.27868 14.28119  -26.2372 66.7946 0.8841 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
18.40755 14.28119  -28.1084 64.9235 0.9294 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
18.38845 14.28119  -28.1275 64.9044 0.9298 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 2 
17.34374 14.28119  -29.1722 63.8597 0.9490 
HL, 6.50mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
16.53260 14.28119  -29.9833 63.0485 0.9612 
HL, 3.25mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
16.13268 14.28119  -30.3832 62.6486 0.9664 
HL, 6.50mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
14.38186 14.28119  -32.1340 60.8978 0.9833 
HL, 3.25mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
12.44674 14.28119  -34.0692 58.9626 0.9934 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
12.04682 14.28119  -34.4691 58.5627 0.9947 
HL, 1.65mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
11.23568 14.28119  -35.2802 57.7516 0.9967 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 3 
10.17188 14.28119  -36.3440 56.6878 0.9984 
HL, 6.50mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 3 
9.48486 14.28119  -37.0310 56.0008 0.9990 
HL, 6.50mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
9.08494 14.28119  -37.4310 55.6008 0.9993 
HL, 1.65mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 1 
9.04301 14.28119  -37.4729 55.5589 0.9993 
HL, 6.50mm, HL, 1.65mm, 7.21000 14.28119  -39.3059 53.7259 0.9999 
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Cycle 3 Cycle 3 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
7.17187 14.28119  -39.3440 53.6878 0.9999 
HL, 6.50mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 2 
5.29692 14.28119  -41.2190 51.8128 1.0000 
HL, 3.25mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
4.89701 14.28119  -41.6189 51.4129 1.0000 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
2.96188 14.28119  -43.5540 49.4778 1.0000 
HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 3 
2.27486 14.28119  -44.2410 48.7908 1.0000 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
1.87494 14.28119  -44.6410 48.3909 1.0000 
HL, 6.50mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
0.39992 14.28119  -46.1160 46.9158 1.0000 
 
 
Figure 60 : Statistical analysis for Hand Layered (HL) VITA VM9  biaxial flexural strength on 
three different YZ core thickness  and three different firing cycles  
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4.1.1.2 Effect of YZ Core thickness and firing cycle on the biaxial flexural strength of 
Pressed (PR) VITA VM9    
 
The mean biaxial flexural strength values (MPa) for Pressed  porcelain veneer VITA 
VM9  fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thicknesses (1.65 mm, 3.25 
mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (131.779±29.260 MPa), 
Cycle 1/3.25 mm (122.736±23.421 MPa), Cycle 1/6.50 mm (104.348± 18.552 MPa), Cycle 
2/1.65mm (154.587±14.085 MPa), Cycle 2/3.25 mm (161.265±19.608 MPa), Cycle 2/6.50 mm 
(158.529±14.265 MPa), Cycle 3 /1.65 mm (146.277±12.231 MPa), Cycle 3/3.25 mm 
(145.382±14.990 MPa) and Cycle 3/6.50 mm(159.025±23.846 MPa), as shown in Table 33 and 
Figure 61-74. 
 
4.1.1.2.1 Effect of YZ core thickness on biaxial flexural strength of (PR) VITA VM9 fired 
with three different firing cycles  
 
There were no significant differences in the effect of different YZ core thicknesses on 
(PR) VITA VM9 biaxial flexural strength (Table 24 to Table 26) . The null hypothesis that there 
is no effect of YZ core thickness on the flexural strength was accepted (Figure 59- Figure 64) .   
 
4.1.1.2.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 55 °C/ 
Min, Hold Time 1 Minute) 
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Figure 61: Mean values of Pressed (PR) VITA VM9  biaxial flexural strength on three different 
YZ core thicknesses  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute ) 
Table 24: Connecting Letters Report 
Level  Mean 
1.65mm A 131.77941 
3.25mm A 122.73640 
6.50mm A 104.34795 
 Levels not connected by same letter are significantly different 
 
Figure 62: Statistical analysis for Pressed (PR) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute) 
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4.1.1.2.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 20 °C/ 
Min, Hold Time 2 Minute ) 
 
Figure 63: Mean values of Pressed (PR) VITA VM9  biaxial flexural strength on three different 
YZ core thicknesses  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 Minute ) 
Table 25: Connecting Letters Report 
Level  Mean 
3.25mm A 161.26463 
6.50mm A 158.52878 
1.65mm A 154.58742 
Levels not connected by same letter are significantly different. 
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Figure 64:  Statistical analysis for Pressed (PR) VITA VM9  biaxial flexural strength on three 
different YZ core thickness  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 Minute) 
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4.1.1.2.1.3 Effect of three different YZ core thicknesses and firing cycle 3 (Heat Rate 20 °C/ 
Min, Hold Time 3 Minute) 
 
Figure 65: Mean values of Pressed (PR) VITA VM9  biaxial flexural strength on three different 
YZ core thicknesses  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minute ) 
Table 26: Connecting Letters Report 
Level  Mean 
6.50mm A 159.02502 
1.65mm A 146.27738 
3.25mm A 145.38155 
Levels not connected by same letter are significantly different 
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Figure 66:  Statistical analysis for Pressed (PR) VITA VM9  biaxial flexural strength on three 
different YZ core thicknesses and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minute) 
 
4.1.1.2.2 Effect of firing cycles on biaxial flexural strength of Pressed (PR) VITA VM9 fired 
on three different YZ core thicknesses 
 
There were significant differences in the effect of firing cycle on VITA VM9  biaxial 
flexural strength  fired on three different YZ core thicknesses (Table 28 and Table29).  There 
was a statistically significant difference in firing Cycle 1, which had lower flexural strength 
values than the other groups. 
The null hypothesis that firing cycle has no effect on the flexural strength of VitaVM9   
was rejected (Figure 67-72).  
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4.1.1.2.2.1 Effect of three different firing cycles with YZ Core Thickness 1.65mm 
 
 
Figure 67: Mean values of Pressed (PR) VITA VM9  biaxial flexural strength on  YZ core 
thickness 6.50mm  and three different firing cycles  
 
Figure 68: Statistical analysis for Pressed (PR)  VITA VM9  biaxial flexural strength on 1.65mm 
YZ core thickness  and three different firing cycles. 
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4.1.1.2.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
 
Figure 69: Mean values of Pressed (PR) VITA VM9 biaxial flexural strength on  YZ core 
thickness 3.25mm  and three different firing cycles. 
 
 
Figure 70: Statistical analysis for Pressed (PR) VITA VM9  biaxial flexural strength on 3.25mm 
YZ core thickness  and three different firing cycles. 
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4.1.1.2.2.3 Effect of three different firing cycles and YZ Core Thickness 6.50mm 
 
 
Figure 71: Mean values of Pressed (PR) VITA VM9 biaxial flexural strength on  YZ core 
thickness 6.50mm  and three different firing cycles. 
Table 27: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
Cycle 1 6 117.840 13.6849 5.5868 103.48 132.20 
Cycle 2 6 158.529 14.2659 5.8240 143.56 173.50 
Cycle 3 6 159.025 23.8467 9.7354 134.00 184.05 
 
Table 28: Connecting Letters Report 
Level   Mean 
Cycle 3 A  159.02502 
Cycle 2 A  158.52878 
Cycle 1  B 117.84005 
Levels not connected by same letter are significantly different 
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Table 29: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Cycle 3 Cycle 1 41.18497 10.32505 14.3660 68.00397 0.0032* 
Cycle 2 Cycle 1 40.68874 10.32505 13.8697 67.50774 0.0035* 
Cycle 3 Cycle 2 0.49623 10.32505  -26.3228 27.31524 0.9987 
 
 
 
 
Figure 72: Statistical analysis for Pressed (PR) VITA VM9  biaxial flexural strength on 6.50mm 
YZ core thickness  and three different firing cycles. 
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4.1.1.2.2.4 Effect of all firing cycles, veneering technique and YZ core thickness on strength 
of VITA VM9 Pressed (PR)  
 
 
 
Figure 73: Mean values of Pressed (PR) VITA VM9  biaxial flexural strength on three different 
YZ core thicknesses  and firing cycles. 
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Figure 74: Mean values of Pressed (PR) VITA VM9 biaxial flexural strength on three different 
YZ core thicknesses and firing cycles. 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, ANOVA and Tukey HSD are described below in Table 30-36. 
  
Table 30: One way Anova Summary of Fit 
Rsquare 0.347541 
Adj Rsquare 0.231548 
Root Mean Square Error 19.36939 
Mean of Response 147.8586 
Observations (or Sum Wgts) 54 
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Table 31: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
ID 8 8992.846 1124.11 2.9962 0.0088* 
Error 45 16882.801 375.17   
C. Total 53 25875.647    
 
 
Table 32: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 
95% 
PR, 1.65mm, Cycle 1 6 150.780 7.9075 134.85 166.71 
PR, 1.65mm, Cycle 2 6 154.587 7.9075 138.66 170.51 
PR, 1.65mm, Cycle 3 6 146.277 7.9075 130.35 162.20 
PR, 3.25mm, Cycle 1 6 137.043 7.9075 121.12 152.97 
PR, 3.25mm, Cycle 2 6 161.265 7.9075 145.34 177.19 
PR, 3.25mm, Cycle 3 6 145.382 7.9075 129.45 161.31 
PR, 6.50mm, Cycle 1 6 117.840 7.9075 101.91 133.77 
PR, 6.50mm, Cycle 2 6 158.529 7.9075 142.60 174.46 
PR, 6.50mm, Cycle 3 6 159.025 7.9075 143.10 174.95 
Std Error uses a pooled estimate of error variance. 
 
Table 33: Means and Standard Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
PR, 1.65mm, Cycle 
1 
6 150.780 23.9504 9.778 125.65 175.91 
PR, 1.65mm, Cycle 
2 
6 154.587 14.0859 5.751 139.81 169.37 
PR, 1.65mm, Cycle 
3 
6 146.277 12.2316 4.994 133.44 159.11 
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PR, 3.25mm, Cycle 
1 
6 137.043 29.7705 12.154 105.80 168.28 
PR, 3.25mm, Cycle 
2 
6 161.265 19.6080 8.005 140.69 181.84 
PR, 3.25mm, Cycle 
3 
6 145.382 14.9901 6.120 129.65 161.11 
PR, 6.50mm, Cycle 
1 
6 117.840 13.6849 5.587 103.48 132.20 
PR, 6.50mm, Cycle 
2 
6 158.529 14.2659 5.824 143.56 173.50 
PR, 6.50mm, Cycle 
3 
6 159.025 23.8467 9.735 134.00 184.05 
 
Table 34: Confidence Quantile 
q* Alpha 
3.25714 0.05 
 
Table 35: Connecting Letters Report 
Level   Mean 
PR, 3.25mm, Cycle 2 A  161.26463 
PR, 6.50mm, Cycle 3 A  159.02502 
PR, 6.50mm, Cycle 2 A  158.52878 
PR, 1.65mm, Cycle 2 A  154.58742 
PR, 1.65mm, Cycle 1 A B 150.77975 
PR, 1.65mm, Cycle 3 A B 146.27738 
PR, 3.25mm, Cycle 3 A B 145.38155 
PR, 3.25mm, Cycle 1 A B 137.04266 
PR, 6.50mm, Cycle 1  B 117.84005 
Levels not connected by same letter are significantly different 
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Table 36: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
43.42459 11.18292 7.0002 79.84898 0.0092* 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
41.18497 11.18292 4.7606 77.60937 0.0163* 
PR, 6.50mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
40.68874 11.18292 4.2643 77.11313 0.0184* 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
36.74737 11.18292 0.3230 73.17177 0.0465* 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
32.93970 11.18292  -3.4847 69.36410 0.1048 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
28.43734 11.18292  -7.9871 64.86173 0.2397 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
27.54150 11.18292  -8.8829 63.96590 0.2771 
PR, 3.25mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 1 
24.22198 11.18292  -12.2024 60.64638 0.4442 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
21.98236 11.18292  -14.4420 58.40676 0.5740 
PR, 6.50mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 1 
21.48613 11.18292  -14.9383 57.91053 0.6032 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
19.20261 11.18292  -17.2218 55.62701 0.7331 
PR, 1.65mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 1 
17.54476 11.18292  -18.8796 53.96916 0.8160 
PR, 3.25mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 3 
15.88308 11.18292  -20.5413 52.30748 0.8840 
PR, 3.25mm, PR, 1.65mm, 14.98725 11.18292  -21.4371 51.41165 0.9134 
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Cycle 2 Cycle 3 
PR, 1.65mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 1 
13.73710 11.18292  -22.6873 50.16150 0.9457 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 3 
13.64347 11.18292  -22.7809 50.06787 0.9477 
PR, 6.50mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 3 
13.14723 11.18292  -23.2772 49.57163 0.9576 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 3 
12.74763 11.18292  -23.6768 49.17203 0.9645 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 3 
12.25140 11.18292  -24.1730 48.67580 0.9720 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
10.48488 11.18292  -25.9395 46.90928 0.9894 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
9.23473 11.18292  -27.1897 45.65913 0.9954 
PR, 1.65mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 3 
9.20587 11.18292  -27.2185 45.63027 0.9955 
PR, 3.25mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
8.33890 11.18292  -28.0855 44.76329 0.9977 
PR, 1.65mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 3 
8.31003 11.18292  -28.1144 44.73443 0.9978 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
8.24527 11.18292  -28.1791 44.66966 0.9979 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
7.74903 11.18292  -28.6754 44.17343 0.9987 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
6.67722 11.18292  -29.7472 43.10162 0.9995 
PR, 1.65mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 3 
5.39820 11.18292  -31.0262 41.82260 0.9999 
PR, 1.65mm, PR, 1.65mm, 4.50237 11.18292  -31.9220 40.92677 1.0000 
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Cycle 1 Cycle 3 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
4.43760 11.18292  -31.9868 40.86200 1.0000 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
3.94137 11.18292  -32.4830 40.36577 1.0000 
PR, 1.65mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
3.80766 11.18292  -32.6167 40.23206 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
2.73585 11.18292  -33.6885 39.16025 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 3 
2.23962 11.18292  -34.1848 38.66402 1.0000 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 3 
0.89583 11.18292  -35.5286 37.32023 1.0000 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
0.49623 11.18292  -35.9282 36.92063 1.0000 
 
 
 
Figure 75: Statistical analysis for Pressed (PR) VITA VM9 biaxial flexural strength on three 
different YZ core thicknesses and three different firing cycles   
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4.1.1.3 Effect of veneering technique  
Effect of Veneering technique and firing cycles on biaxial flexural strength of VITA 
VM9 fired on three different YZ core thicknesses 
 
 
4.1.1.3.1 Effect of veneering technique, firing cycle on biaxial flexural strength of VITA 
VM9 fired on three different YZ core thicknesses 
 
 
4.1.1.3.1.1 Effect of veneering technique, three different YZ core thicknesses and 
firing cycle 1(Heat Rate 55°C/ Min, Hold Time 1 Minute) 
 
Pooling the flexural strength data by veneering technique, there were no significant 
differences in the effect of different veneering techniques on VITA VM9  biaxial flexural 
strength fired using  firing cycle 1 and three different YZ core thicknesses (Figure 76) 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength was 
accepted (Table 43-Table 44) 
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Figure 76: Mean values of VITA VM9 biaxial flexural strength on firing cycle 1, three different 
YZ core thicknesses, and two veneering techniques. 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, ANOVA and Tukey HSD are described below in Table 37-44 
Table 37: Summary of Fit 
Rsquare 0.08831 
Adj Rsquare 0.061495 
Root Mean Square Error 25.78778 
Mean of Response 127.421 
Observations (or Sum Wgts) 36 
 
Table 38: t Test 
Difference  -15.600 t Ratio  -1.81476 
Std Err Dif 8.596 DF 34 
Upper CL Dif 1.869 Prob > |t| 0.0784 
Lower CL Dif  -33.069 Prob > t 0.0392* 
Confidence 0.95 Prob < t 0.9608 
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Table 39: Analysis of Variance 
Source DF Sum of 
Squares 
Mean 
Square 
F Ratio Prob > F 
Veneer Technique 1 2190.118 2190.12 3.2934 0.0784 
Error 34 22610.333 665.01   
C. Total 35 24800.451    
 
Table 40: Means for One way Anova 
Level Number Mean Std 
Error 
Lower 
95% 
Upper 95% 
HL 18 119.621 6.0782 107.27 131.97 
PR 18 135.221 6.0782 122.87 147.57 
Std Error uses a pooled estimate of error variance 
Table 41: Means and Std Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 119.621 25.5406 6.0200 106.92 132.32 
PR 18 135.221 26.0326 6.1359 122.28 148.17 
 
Table 42: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 43: Connecting Letters Report 
Level  Mean 
HL A 135.22082 
PR A 119.62125 
Levels not connected by same letter are significantly different 
Table 44: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 15.59957 8.595928  -1.86959 33.06873 0.0784 
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Figure 77: Statistical analysis for VITA VM9 biaxial flexural strength on firing cycle 1, three 
different YZ core thicknesses and two different veneering techniques. 
 
4.1.1.3.1.2 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 2(Heat Rate 20 °C/ Min, Hold Time 2 Minutes) 
 
Pooling the flexural strength data by veneering technique showed that there were no 
significant differences in the effect of different veneering techniques on VITA VM9 biaxial 
flexural strength fired with firing cycle 2 and three different YZ core thicknesses ( Figure 78-79) 
 
The null hypothesis that there is no effect from veneering technique on the flexural 
strength was accepted (Table 51-Table 52). 
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Figure 78: Mean values of VITA VM9 biaxial flexural strength with firing cycle 2, three 
different YZ core thicknesses, and two veneering techniques . 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, One way ANOVA and Tukey HSD are described below in Table 45-52. 
Table 45: Summary of Fit 
Rsquare 0.030111 
Adj Rsquare 0.001584 
Root Mean Square Error 22.08971 
Mean of Response 154.3445 
Observations (or Sum Wgts) 36 
 
Table 46: t Test 
Difference 7.565 t Ratio 1.027397 
Std Err Dif 7.363 DF 34 
Upper CL Dif 22.529 Prob > |t| 0.3115 
Lower CL Dif  -7.399 Prob > t 0.1557 
Confidence 0.95 Prob < t 0.8443 
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Table 47: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 515.059 515.059 1.0555 0.3115 
Error 34 16590.484 487.955   
C. Total 35 17105.543    
 
Table 48: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 150.562 5.2066 139.98 161.14 
PR 18 158.127 5.2066 147.55 168.71 
Std Error uses a pooled estimate of error variance 
Table 49: Means and Std Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 150.562 27.1415 6.3973 137.06 164.06 
PR 18 158.127 15.4676 3.6458 150.44 165.82 
 
 
Table 50: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 51: Connecting Letters Report 
Level  Mean 
PR A 158.12694 
HL A 150.56197 
Levels not connected by same letter are significantly different. 
 
Table 52: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 7.564971 7.363238  -7.39904 22.52898 0.3115 
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Figure 79: Statistical analysis for VITA VM9 biaxial flexural strength on firing cycle 2 , three 
different YZ core thicknesses and two different veneering techniques 
 
 
4.1.1.3.1.3 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minutes)  
 
Pooling the flexural strength data by veneering technique, there were no significant 
differences in the effect of different veneering techniques on VITA VM9 biaxial flexural 
strength fired on firing cycle 2 and three different YZ core thicknesses (Figure 80). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength was 
accepted (Table 59- Table 60) 
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Figure 80: Mean values of VITA VM9 biaxial flexural strength on firing cycle 3, three different 
YZ core thicknesses, and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one-way ANOVA and Tukey HSD are described below in Table 53-60. 
  
Table 53: Summary of Fit 
Rsquare 0.001789 
Adj Rsquare  -0.02757 
Root Mean Square Error 19.49482 
Mean of Response 151.03 
Observations (or Sum Wgts) 36 
 
Table 54: t Test 
Difference  -1.604 t Ratio  -0.24684 
Std Err Dif 6.498 DF 34 
Upper CL Dif 11.602 Prob > |t| 0.8065 
Lower CL Dif  -14.810 Prob > t 0.5967 
Confidence 0.95 Prob < t 0.4033 
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Table 55: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 23.156 23.156 0.0609 0.8065 
Error 34 12921.629 380.048   
C. Total 35 12944.784    
 
Table 56    : Means and Std Deviations 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 151.832 4.5950 142.49 161.17 
PR 18 150.228 4.5950 140.89 159.57 
Std Error uses a pooled estimate of error variance 
 
Table 57: Means and Std Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 151.832 21.0152 4.9533 141.38 162.28 
PR 18 150.228 17.8454 4.2062 141.35 159.10 
 
Table 58: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 59: Connecting Letters Report 
Level  Mean 
HL A 151.83200 
PR A 150.22798 
Levels not connected by same letter are significantly different. 
 
Table 60: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
HL PR 1.604013 6.498272  -11.6022 14.81019 0.8065 
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Figure 81: Statistical analysis for VITA VM9 biaxial flexural strength on firing cycle 3, three 
different YZ core thicknesses and two different veneering techniques. 
 
4.1.1.3.2 Effect of veneering technique, YZ core thickness on biaxial flexural strength of 
VITA VM9 fired on three different firing cycles 
 
4.1.1.3.2.1 Effect of three different firing cycles and veneering technique, YZ Core 
thickness 1.65mm 
 
Pooling the flexural strength data by veneering technique shows that there were no 
significant differences in the effect of different veneering techniques on VITA VM9  biaxial 
flexural strength fired on YZ core thickness 1.65mm with three different firing cycles (Figure 
82). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table 67- Table 68). 
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Figure 82: Mean values of VITA VM9 biaxial flexural strength on YZ core thickness 1.65mm, 
three different firing cycles and two veneering techniques.  
    
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in Table 61-68. 
Table 61: Summary of Fit 
Rsquare 0.038126 
Adj Rsquare 0.009835 
Root Mean Square Error 22.96787 
Mean of Response 146.1043 
Observations (or Sum Wgts) 36 
 
Table 62: t Test 
Difference 8.888 t Ratio 1.160887 
Std Err Dif 7.656 DF 34 
Upper CL Dif 24.446 Prob > |t| 0.2538 
Lower CL Dif  -6.671 Prob > t 0.1269 
Confidence 0.95 Prob < t 0.8731 
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Table 63: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 710.921 710.921 1.3477 0.2538 
Error 34 17935.790 527.523   
C. Total 35 18646.711    
 
Table 64: Means for One way Anova Std  
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 141.660 5.4136 130.66 152.66 
PR 18 150.548 5.4136 139.55 161.55 
Error uses a pooled estimate of error variance 
Table 65: Means and Std Deviations 
Level Number Mean Std 
Dev 
Std Err Mean Lower 95% Upper 95% 
HL 18 141.660 27.7806 6.5479 127.85 155.48 
PR 18 150.548 16.8311 3.9671 142.18 158.92 
 
Table 66: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 67: Connecting Letters Report 
Level  Mean 
PR A 150.54818 
HL A 141.66048 
Levels not connected by same letter are significantly different 
 
Table 68: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 8.887703 7.655958  -6.67119 24.44660 0.2538 
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Figure 83: Statistical analysis for VITA VM9 biaxial flexural strength on YZ core thickness 
1.65mm, three different  firing cycles and two different veneering techniques. 
 
 
 
 
4.1.1.3.2.2 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 3.25mm 
 
Pooling the flexural strength data by veneering technique one can see that there were no 
significant differences in the effect of different veneering techniques on VITA VM9  biaxial 
flexural strength fired on YZ core thickness 3.25mm using three different firing cycles (Figure 
83). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table75 and Table76). 
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Figure 84:  Mean values of VITA VM9  biaxial flexural strength on YZ core thickness 
3.25mm,three different firing cycle and two veneering techniques. 
     Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in tables 69-76. 
 
Table 69: Summary of Fit 
Rsquare 0.006526 
Adj Rsquare  -0.02269 
Root Mean Square Error 26.8332 
Mean of Response 145.7827 
Observations (or Sum Wgts) 36 
 
Table 70: t Test 
Difference 4.227 t Ratio 0.472606 
Std Err Dif 8.944 DF 34 
Upper CL Dif 22.404 Prob > |t| 0.6395 
Lower CL Dif  -13.950 Prob > t 0.3198 
Confidence 0.95 Prob < t 0.6802 
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Table 71: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 160.821 160.821 0.2234 0.6395 
Error 34 24480.700 720.021   
C. Total 35 24641.521    
 
 
Table 72: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 143.669 6.3246 130.82 156.52 
PR 18 147.896 6.3246 135.04 160.75 
Std Error uses a pooled estimate of error variance. 
Table 73: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 143.669 29.8884 7.0448 128.81 158.53 
PR 18 147.896 23.3821 5.5112 136.27 159.52 
 
Table 74: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 75: Connecting Letters Report 
Level  Mean 
PR A 147.89628 
HL A 143.66911 
Levels not connected by same letter are significantly different. 
 
Table 76: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 4.227174 8.944400  -13.9502 22.40452 0.6395 
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Figure 85: Statistical analysis for VITA VM9 biaxial flexural strength on YZ core thickness 
3.25mm, three different firing cycles and two different veneering techniques. 
 
4.1.1.3.2.3 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 6.50mm 
 
Pooling the flexural strength data by veneering technique indicates that there were no 
significant differences in the effect of different veneering techniques on VITA VM9  biaxial 
flexural strength fired on YZ core thickness 6.50mm and three different firing cycles(Figure 86). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table 83-Table 84). 
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Figure 86: Mean values of VITA VM9 biaxial flexural strength on YZ core thickness 6.50mm, 
three different firing cycles and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in tables 77 to 84. 
Table 77: Summary of Fit 
Rsquare 0.024251 
Adj Rsquare  -0.00445 
Root Mean Square Error 27.56231 
Mean of Response 140.9085 
Observations (or Sum Wgts) 36 
Table 78: t Test 
Difference 8.446 t Ratio 0.91926 
Std Err Dif 9.187 DF 34 
Upper CL Dif 27.117 Prob > |t| 0.3644 
Lower CL Dif  -10.225 Prob > t 0.1822 
Confidence 0.95 Prob < t 0.8178 
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Table 79: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 641.961 641.961 0.8450 0.3644 
Error 34 25829.152 759.681   
C. Total 35 26471.113    
 
Table 80: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 136.686 6.4965 123.48 149.89 
PR 18 145.131 6.4965 131.93 158.33 
Std Error uses a pooled estimate of error variance. 
 
Table 81: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 136.686 29.0312 6.8427 122.25 151.12 
PR 18 145.131 26.0106 6.1307 132.20 158.07 
 
Table 82: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 83: Connecting Letters Report 
Level  Mean 
PR A 145.13128 
HL A 136.68564 
Levels not connected by same letter are significantly different 
Table 84: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 8.445647 9.187437  -10.2256 27.11691 0.3644 
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Figure 87: Statistical analysis for VITA VM9 biaxial flexural strength on YZ core thickness 
6.50mm, three different  firing cycles and two different veneering techniques. 
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4.1.1.3.3 Effect of veneering technique all firing cycles YZ thickness  
 
Figure 88: Mean values of VITA VM9 biaxial flexural strength on three different  YZ core 
thicknesses ,three different firing cycles and two different veneering techniques. 
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Figure 89: Mean values of VITA VM9 biaxial flexural strength on three different  YZ core 
thicknesses ,three different firing cycles and two different veneering techniques 
 
 
 
 
4.1.2 Biaxial Flexural Strength test of IPS E-max Ceram 
 
4.1.2.1 Effect of firing cycle, YZ core thickness on biaxial flexural strength of Hand 
Layered (HL) Vita IPS E-max Ceram  
 
The mean biaxial flexural strength values (MPa) for Hand Layered porcelain veneer IPS 
e-max Ceram fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thickness (1.65 mm, 
3.25 mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (118.997±31.210 
MPa), Cycle 1/3.25 mm (136.448±20.626 MPa), Cycle 1/6.50 mm (100.763± 9.9263 MPa), 
Cycle 2/1.65mm (117.732±11.7547 MPa), Cycle 2/3.25 mm (129.301±24.131 MPa), Cycle 
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2/6.50 mm (116.898±28.1768 MPa), Cycle 3 /1.65 mm (121.384±10.481 MPa), Cycle 3/3.25 
mm (117.433±20.6727 MPa) and Cycle 3/6.50 mm(100.073±18.413 MPa) as shown in Table 91 
and Figure 90-104. 
4.1.2.1.1 Effect of YZ core thickness on biaxial flexural strength of (HL) IPS e-max Ceram 
fired with three different firing cycles 
 
Pooling the flexural strength data by YZ core thickness, it is found that there was 
statistically significant difference in effect for YZ thickness 6.50mm, which had lower flexural 
strength values than the other groups (Table 89- Table 91).  
 
The null hypothesis that YZ core thickness has no effect on the flexural strength of IPS 
e.max Ceram was rejected, Figure 90-95.  
4.1.2.1.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 40 °C/ 
Min, Hold Time 1 Minute) 
 
Figure 90: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on three 
different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 Minute). 
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Table 85: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
1.65mm 18 119.371 19.0229 4.4837 109.91 128.83 
3.25mm 18 127.727 22.0730 5.2027 116.75 138.70 
6.50mm 18 105.911 20.6445 4.8660 95.64 116.18 
Table 86: Connecting Letters Report 
Level   Mean 
3.25mm A  127.72750 
1.65mm A B 119.37080 
6.50mm  B 105.91122 
Levels not connected by same letter are significantly different 
Table 87: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
3.25mm 6.50mm 21.81628 6.872615 5.22590 38.40665 0.0071* 
1.65mm 6.50mm 13.45958 6.872615  -3.13080 30.04995 0.1331 
3.25mm 1.65mm 8.35670 6.872615  -8.23367 24.94707 0.4494 
 
 
Figure 91: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural strength 
on three different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 
Minute). 
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4.1.2.1.1.2 Effect of three different YZ core thicknesses and firing cycle 2 ( Heat Rate 30 °C/ 
Min, Hold Time 2 Minute). 
 
 
Figure 92: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on three 
different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 Minute). 
 
 
Figure 93: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural 
strength on three different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold 
Time 2 Minute). 
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4.1.2.1.1.3 Effect of three different YZ core thicknesses and firing cycle 3 (Heat Rate 30 °C/ 
Min, Hold Time 3 Minute) 
 
 
Figure 94: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on three 
different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minutes). 
 
Figure 95: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural strength 
on three different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 
Minutes). 
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4.1.2.1.2 Effect of firing cycles on biaxial flexural strength of (HL) VITA VM9 fired on 
three different YZ core thicknesses 
 
There were no significant differences in the effect of different firing cycles on Pressed 
IPS e.max Ceram biaxial flexural strength (Table 93,Table 94) 
The null hypothesis that there is no effect of the firing cycles was accepted.  
 
 
4.1.2.1.2.1 Effect of three different firing cycles and YZ Core Thickness 1.65mm 
 
 
 
Figure 96: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on  YZ core 
thickness 1.65mm  and three different firing cycles 
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Figure 97: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural strength 
on 1.65mm YZ core thickness and three different firing cycles. 
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4.1.2.1.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
Figure 98: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on  YZ core 
thickness 3.25mm  and three different firing cycles. 
 
Figure 99: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural strength 
on 3.25mm YZ core thickness and three different firing cycles 
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4.1.2.1.2.3 Effect of three different firing cycles and YZ Core Thickness 6.50mm 
 
 
Figure 100: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on  YZ core 
thickness 6.50mm  and three different firing cycles. 
 
Figure 101: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural 
strength on 6.50mm YZ core thickness and three different firing cycles. 
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4.1.2.1.3 Effect of all firing cycles 
 
Figure 102: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on three 
different YZ core thicknesses and three firing cycles. 
 
Figure 103: Mean values of Hand Layered (HL) IPS E-max Ceram flexural strength on three 
different YZ core thicknesses  and three firing cycles. 
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Table 88: One way Anova Summary of Fit 
Rsquare 0.253352 
Adj Rsquare 0.120615 
Root Mean Square Error 20.78667 
Mean of Response 117.6698 
Observations (or Sum Wgts) 54 
 
Table 89: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
ID 8 6597.678 824.710 1.9087 0.0821 
Error 45 19443.859 432.086   
C. Total 53 26041.537    
 
Table 90: Means for One way Anova 
Level  Number Mean Std Error Lower 95% Upper 95% 
HL, 1.65mm, Cycle 1 6 118.997 8.4861 101.91 136.09 
HL, 1.65mm, Cycle 2 6 117.732 8.4861 100.64 134.82 
HL, 1.65mm, Cycle 3 6 121.384 8.4861 104.29 138.48 
HL, 3.25mm, Cycle 1 6 136.448 8.4861 119.36 153.54 
HL, 3.25mm, Cycle 2 6 129.301 8.4861 112.21 146.39 
HL, 3.25mm, Cycle 3 6 117.433 8.4861 100.34 134.53 
HL, 6.50mm, Cycle 1 6 100.763 8.4861 83.67 117.85 
HL, 6.50mm, Cycle 2 6 116.898 8.4861 99.81 133.99 
HL, 6.50mm, Cycle 3 6 100.073 8.4861 82.98 117.17 
 
Std Error uses a pooled estimate of error variance. 
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Table 91: Means and Standard Deviations 
Level  Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
HL, 1.65mm, Cycle 
1 
6 118.997 31.2100 12.741 86.24 151.75 
HL, 1.65mm, Cycle 
2 
6 117.732 11.7547 4.799 105.40 130.07 
HL, 1.65mm, Cycle 
3 
6 121.384 10.4819 4.279 110.38 132.38 
HL, 3.25mm, Cycle 
1 
6 136.448 20.6264 8.421 114.80 158.09 
HL, 3.25mm, Cycle 
2 
6 129.301 24.1317 9.852 103.98 154.63 
HL, 3.25mm, Cycle 
3 
6 117.433 20.6727 8.440 95.74 139.13 
HL, 6.50mm, Cycle 
1 
6 100.763 9.9263 4.052 90.35 111.18 
HL, 6.50mm, Cycle 
2 
6 116.898 28.1768 11.503 87.33 146.47 
HL, 6.50mm, Cycle 
3 
6 100.073 18.4133 7.517 80.75 119.40 
 
Table 92: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 93: Connecting Letters Report 
Level  Mean 
HL, 3.25mm, Cycle 1 A 136.44808 
HL, 3.25mm, Cycle 2 A 129.30093 
HL, 1.65mm, Cycle 3 A 121.38396 
HL, 1.65mm, Cycle 1 A 118.99694 
HL, 1.65mm, Cycle 2 A 117.73150 
HL, 3.25mm, Cycle 3 A 117.43349 
HL, 6.50mm, Cycle 2 A 116.89788 
HL, 6.50mm, Cycle 1 A 100.76261 
HL, 6.50mm, Cycle 3 A 100.07318 
Levels not connected by same letter are significantly different 
 
Table 94: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
36.37490 12.00119  -2.7147 75.46452 0.0862 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
35.68547 12.00119  -3.4041 74.77509 0.0984 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
29.22775 12.00119  -9.8619 68.31736 0.2907 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
28.53832 12.00119  -10.5513 67.62794 0.3205 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
21.31078 12.00119  -17.7788 60.40039 0.6971 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
20.62135 12.00119  -18.4683 59.71097 0.7324 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
19.55020 12.00119  -19.5394 58.63982 0.7840 
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HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
19.01460 12.00119  -20.0750 58.10421 0.8080 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
18.92376 12.00119  -20.1659 58.01337 0.8119 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
18.71658 12.00119  -20.3730 57.80619 0.8208 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
18.23433 12.00119  -20.8553 57.32394 0.8405 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
17.65832 12.00119  -21.4313 56.74794 0.8626 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 1 
17.45115 12.00119  -21.6385 56.54076 0.8700 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
17.36031 12.00119  -21.7293 56.44992 0.8733 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
16.96890 12.00119  -22.1207 56.05851 0.8865 
HL, 6.50mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
16.82470 12.00119  -22.2649 55.91431 0.8912 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
16.67088 12.00119  -22.4187 55.76049 0.8961 
HL, 6.50mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
16.13527 12.00119  -22.9543 55.22488 0.9120 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 3 
15.06412 12.00119  -24.0255 54.15374 0.9388 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
12.40305 12.00119  -26.6866 51.49267 0.9803 
HL, 3.25mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
11.86744 12.00119  -27.2222 50.95706 0.9851 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 2 
11.56943 12.00119  -27.5202 50.65904 0.9873 
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HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
10.30399 12.00119  -28.7856 49.39361 0.9941 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 3 
7.91697 12.00119  -31.1726 47.00658 0.9991 
HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 2 
7.14715 12.00119  -31.9425 46.23677 0.9996 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
4.48608 12.00119  -34.6035 43.57570 1.0000 
HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 3 
3.95047 12.00119  -35.1391 43.04009 1.0000 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
3.65246 12.00119  -35.4372 42.74207 1.0000 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
2.38702 12.00119  -36.7026 41.47664 1.0000 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
2.09906 12.00119  -36.9906 41.18867 1.0000 
HL, 1.65mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
1.56345 12.00119  -37.5262 40.65306 1.0000 
HL, 1.65mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
1.26543 12.00119  -37.8242 40.35505 1.0000 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
0.83363 12.00119  -38.2560 39.92324 1.0000 
HL, 6.50mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
0.68943 12.00119  -38.4002 39.77904 1.0000 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
0.53561 12.00119  -38.5540 39.62522 1.0000 
HL, 1.65mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
0.29802 12.00119  -38.7916 39.38763 1.0000 
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Figure 104: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural 
strength on three different YZ core thickness  and three different  firing cycles 
 
 
 
4.1.2.2 Effect YZ Core thickness and firing cycle on biaxial flexural strength of Pressed 
(PR) VITA VM9  
 
The mean biaxial flexural strength values (MPa) for Pressed  porcelain veneer IPS e-max 
Ceram fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thicknesses (1.65 mm, 3.25 
mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (114.087±12.085 MPa), 
Cycle 1/3.25 mm (130.210±14.216 MPa), Cycle 1/6.50 mm (121.831± 13.396 MPa), Cycle 
2/1.65mm (124.063±12.448 MPa), Cycle 2/3.25 mm (126.86±15.729 MPa), Cycle 2/6.50 mm 
(125.145±12.4113 MPa), Cycle 3 /1.65 mm (155.33±16.713 MPa), Cycle 3/3.25 mm 
(129.563±9.012 MPa), Cycle 3/6.50 mm(153.037±14.321 MPa) and Cycle 3/6.50 
mm(100.073±18.413 MPa) as shown in Table 101 and Figure 105-119. 
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4.1.2.2.1 Effect of YZ core thickness on biaxial flexural strength of (PR) IPS e-max Ceram 
fired on three different firing cycles 
 
Pooling the flexural strength data by YZ core thickness , it can be shown that there were no 
statistically significant differences in effect of YZ thickness between groups (Table 96, Table 97) 
The null hypothesis that YZ core thickness has no effect on the flexural strength of IPS e.max 
Ceram porcelain was accepted.  
 
4.1.2.2.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 40 °C/ 
Min, Hold Time 1 Minute) 
 
Figure 105: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on three different 
YZ core thickness  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 Minute) 
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Figure 106: Statistical analysis for Pressed (PR) IPS E-max Ceram  biaxial flexural strength on 
three different YZ core thickness  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 
Minute). 
4.1.2.2.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 30 °C/ 
Min, Hold Time 2 Minute) 
 
Figure 107: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on three different 
YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 Minute) 
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Figure 108: Statistical analysis for Pressed (PR) IPS E-max Ceram  biaxial flexural strength on 
three different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 
Minute)  
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4.1.2.2.1.3  Effect of three different YZ core thicknesses and firing cycle 3 ( Heat Rate 30 
°C/ Min, Hold Time 3 Minute) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 109: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on three different 
YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minute) 
Table 95: Means and Standard Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
1.65mm 18 131.161 22.3069 5.2578 120.07 142.25 
3.25mm 18 128.878 12.5831 2.9659 122.62 135.14 
6.50mm 18 133.338 19.1261 4.5081 123.83 142.85 
Table 96: Connecting Letters Report 
Level  Mean 
6.50mm A 133.33760 
1.65mm A 131.16096 
3.25mm A 128.87850 
Levels not connected by same letter are significantly different 
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Table 97: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
6.50mm 3.25mm 4.459102 6.151602  -10.3908 19.30896 0.7500 
1.65mm 3.25mm 2.282467 6.151602  -12.5674 17.13233 0.9270 
6.50mm 1.65mm 2.176635 6.151602  -12.6732 17.02650 0.9334 
 
      
 
Figure 110:  Statistical analysis for Pressed (PR) IPS E-max Ceram  biaxial flexural strength on 
three different YZ core thickness  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 
Minute) 
4.1.2.2.2 Effect of firing cycle on biaxial flexural strength of (PR) IPS e-max Ceram fired 
on three different YZ core thicknesses 
 
Pooling the flexural strength data by firing cycles, there was statistically significant 
difference in firing cycle 3 on YZ thicknesses. Discs 1.65mm, and 6.5mm thick, had higher 
significant flexural strength values than the other groups (Table 103,Table 104). 
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The null hypothesis that YZ core thickness has no effect on the flexural strength of IPS 
e.max Ceram porcelain was rejected. Flexural strength of (PR) IPS e.max Ceram fired on three 
different firing cycles were significantly different (Figure 110-115). 
 
4.1.2.2.2.1 Effect of three different firing cycles with YZ Core Thickness 1.65mm 
 
Figure 111: Mean values of Pressed (PR)  IPS E-max Ceram flexural strength on  YZ core 
thickness 1.65mm  and three different firing cycles. 
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Figure 112: Statistical analysis for Pressed (PR) IPS E-max Ceram biaxial flexural strength on 
1.65mm YZ core thickness and three different firing cycles. 
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4.1.2.2.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
 
Figure 113: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on YZ core 
thickness 3.25mm  using three different firing cycles. 
 
Figure 114:  Statistical analysis for Pressed (PR) IPS E-max Ceram biaxial flexural strength on 
3.25mm YZ core thickness and three different firing cycles. 
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4.1.2.2.2.3 Effect of YZ three different firing cycles and Core Thickness 6.50mm 
 
Figure 115: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on  YZ core 
thickness 6.50mm  and three different firing cycles. 
 
 
Figure 116: Statistical analysis for Pressed (PR) IPS E-max Ceram biaxial flexural strength on 
6.50mm YZ core thickness and three different firing cycles. 
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4.1.2.2.3 Effect of all firing cycles 
 
Figure 117: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on three different 
YZ core thicknesses and three firing cycles. 
 
 
 
Figure 118: Mean values of Pressed (PR) IPS E-max Ceram flexural strength on three different 
YZ core thicknesses and three firing cycles. 
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Table 98: One way Anova Summary of Fit 
Rsquare 0.529942 
Adj Rsquare 0.446376 
Root Mean Square Error 13.53911 
Mean of Response 131.1257 
Observations (or Sum Wgts) 54 
 
Table 99: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > 
F 
ID 8 9299.714 1162.46 6.3416 <.0001* 
Error 45 8248.843 183.31   
C. Total 53 17548.556    
 
Table 100: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
PR, 1.65mm, Cycle 1 6 114.087 5.5273 102.95 125.22 
PR, 1.65mm, Cycle 2 6 124.063 5.5273 112.93 135.20 
PR, 1.65mm, Cycle 3 6 155.333 5.5273 144.20 166.47 
PR, 3.25mm, Cycle 1 6 130.210 5.5273 119.08 141.34 
PR, 3.25mm, Cycle 2 6 126.862 5.5273 115.73 138.00 
PR, 3.25mm, Cycle 3 6 129.563 5.5273 118.43 140.70 
PR, 6.50mm, Cycle 1 6 121.831 5.5273 110.70 132.96 
PR, 6.50mm, Cycle 2 6 125.145 5.5273 114.01 136.28 
PR, 6.50mm, Cycle 3 6 153.037 5.5273 141.90 164.17 
Std Error uses a pooled estimate of error variance 
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Table 101: Means and Standard Deviations 
Level  Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
PR, 1.65mm, Cycle 
1 
6 114.087 12.0856 4.9339 101.40 126.77 
PR, 1.65mm, Cycle 
2 
6 124.063 12.4486 5.0821 111.00 137.13 
PR, 1.65mm, Cycle 
3 
6 155.333 16.7139 6.8234 137.79 172.87 
PR, 3.25mm, Cycle 
1 
6 130.210 14.2166 5.8039 115.29 145.13 
PR, 3.25mm, Cycle 
2 
6 126.862 15.7299 6.4217 110.35 143.37 
PR, 3.25mm, Cycle 
3 
6 129.563 9.0125 3.6793 120.11 139.02 
PR, 6.50mm, Cycle 
1 
6 121.831 13.3967 5.4692 107.77 135.89 
PR, 6.50mm, Cycle 
2 
6 125.145 12.4113 5.0669 112.12 138.17 
PR, 6.50mm, Cycle 
3 
6 153.037 14.3216 5.8468 138.01 168.07 
 
Table 102: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 103: Connecting Letters Report 
Level    Mean 
PR, 1.65mm, Cycle 3 A   155.33333 
PR, 6.50mm, Cycle 3 A B  153.03724 
PR, 3.25mm, Cycle 1 A B C 130.20997 
PR, 3.25mm, Cycle 3  B C 129.56307 
PR, 3.25mm, Cycle 2   C 126.86246 
PR, 6.50mm, Cycle 2   C 125.14486 
PR, 1.65mm, Cycle 2   C 124.06252 
PR, 6.50mm, Cycle 1   C 121.83071 
PR, 1.65mm, Cycle 1   C 114.08704 
 
Levels not connected by same letter are significantly different 
 
Table 104: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
PR, 1.65mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
41.24629 7.816811 15.7858 66.70677 0.0001* 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
38.95019 7.816811 13.4897 64.41068 0.0003* 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
33.50263 7.816811 8.0421 58.96311 0.0028* 
PR, 1.65mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
31.27082 7.816811 5.8103 56.73130 0.0066* 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
31.20653 7.816811 5.7460 56.66701 0.0067* 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
30.18848 7.816811 4.7280 55.64896 0.0098* 
PR, 6.50mm, PR, 1.65mm, 28.97472 7.816811 3.5142 54.43520 0.0152* 
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Cycle 3 Cycle 2 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
28.47088 7.816811 3.0104 53.93136 0.0182* 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
27.89238 7.816811 2.4319 53.35286 0.0223* 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
26.17478 7.816811 0.7143 51.63526 0.0397* 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 3 
25.77027 7.816811 0.3098 51.23075 0.0453* 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
25.12337 7.816811  -0.3371 50.58385 0.0556 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 3 
23.47417 7.816811  -1.9863 48.93465 0.0920 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
22.82727 7.816811  -2.6332 48.28775 0.1109 
PR, 3.25mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 1 
16.12292 7.816811  -9.3376 41.58341 0.5103 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
15.47603 7.816811  -9.9845 40.93651 0.5647 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
12.77541 7.816811  -12.6851 38.23590 0.7810 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
11.05781 7.816811  -14.4027 36.51830 0.8863 
PR, 1.65mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
9.97547 7.816811  -15.4850 35.43596 0.9331 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
8.37926 7.816811  -17.0812 33.83974 0.9754 
PR, 6.50mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 1 
7.74367 7.816811  -17.7168 33.20415 0.9849 
PR, 3.25mm, PR, 6.50mm, 7.73236 7.816811  -17.7281 33.19284 0.9850 
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Cycle 3 Cycle 1 
PR, 3.25mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 2 
6.14745 7.816811  -19.3130 31.60793 0.9967 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
5.50055 7.816811  -19.9599 30.96104 0.9985 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
5.06511 7.816811  -20.3954 30.52560 0.9992 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
5.03175 7.816811  -20.4287 30.49223 0.9992 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
4.41821 7.816811  -21.0423 29.87870 0.9997 
PR, 3.25mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 2 
3.34751 7.816811  -22.1130 28.80799 1.0000 
PR, 6.50mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
3.31415 7.816811  -22.1463 28.77463 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
2.79994 7.816811  -22.6605 28.26042 1.0000 
PR, 3.25mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
2.70061 7.816811  -22.7599 28.16110 1.0000 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 3 
2.29610 7.816811  -23.1644 27.75658 1.0000 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
2.23181 7.816811  -23.2287 27.69229 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
1.71760 7.816811  -23.7429 27.17809 1.0000 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
1.08234 7.816811  -24.3781 26.54282 1.0000 
PR, 3.25mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 3 
0.64690 7.816811  -24.8136 26.10738 1.0000 
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Figure 119: Statistical analysis for Hand Layered (HL) IPS E-max Ceram biaxial flexural 
strength on three different YZ core thickness  and three different  firing cycles 
 
 
 
4.1.2.3 Effect of Veneering technique 
4.1.2.3.1 Effect of veneering technique and firing cycles on biaxial flexural strength of IPS 
E-max Ceram fired on three different YZ core thicknesses. 
4.1.2.3.1.1 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 1(Heat Rate 40 °C/ Min, Hold Time 1 Minute) 
Pooling the flexural strength data by veneering technique shows that there were no 
significant differences in the effect of different veneering techniques on IPS e.max Ceram biaxial 
flexural strength fired with firing cycle 1 and three different YZ core thicknesses (Figure 120-
121). 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table 111, Table 112) 
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Figure 120: Mean values of IPS E-max Ceram flexural strength on firing cycle 1, three different 
YZ core thicknesses, and two veneering techniques. 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in tables 105-112. 
Table 105: Summary of Fit 
Rsquare  0.006637 
Adj Rsquare  -0.02258 
Root Mean Square Error 20.81408 
Mean of Response 120.3892 
Observations (or Sum Wgts) 36 
 
Table 106: t Test 
Difference 3.307 t Ratio 0.476605 
Std Err Dif 6.938 DF 34 
Upper CL Dif 17.406 Prob > |t| 0.6367 
Lower CL Dif  -10.793 Prob > t 0.3183 
Confidence 0.95 Prob < t 0.6817 
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Table 107: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 98.408 98.408 0.2272 0.6367 
Error 34 14729.675 433.226   
C. Total 35 14828.083    
 
Table 108: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 118.736 4.9059 108.77 128.71 
PR 18 122.043 4.9059 112.07 132.01 
Std Error uses a pooled estimate of error variance. 
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Table 109: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 118.736 25.7947 6.0799 105.91 131.56 
PR 18 122.043 14.1805 3.3424 114.99 129.09 
 
Table 110: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 111: Connecting Letters Report 
Level  Mean 
PR A 122.04257 
HL A 118.73587 
Levels not connected by same letter are significantly different 
 
 
Table 112: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 3.306699 6.938025  -10.7932 17.40657 0.6367 
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Figure 121: Statistical analysis for IPS E-max Ceram biaxial flexural strength on firing Cycle 1 
three different YZ core thicknesses and two different veneering techniques. 
 
4.1.2.3.1.2 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 Minute) 
 
Pooling the flexural strength data by veneering technique, one finds that there were no 
significant differences in the effect of different veneering techniques on IPS e.max Ceram biaxial 
flexural strength fired on firing Cycle 2 with three different YZ core thicknesses (Figure 122-
123). 
 
The null hypothesis that there is no effect from veneering technique on the flexural 
strength was accepted (Table 119, Table 120) 
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Figure 122: Mean values of IPS E-max Ceram flexural strength on firing cycle 2, three different 
YZ core thicknesses, and two veneering techniques. 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Table 113-120). 
 
Table 113: Summary of Fit 
Rsquare 0.013273 
Adj Rsquare  -0.01575 
Root Mean Square Error 17.95017 
Mean of Response 123.3334 
Observations (or Sum Wgts) 36 
Table 114: t Test 
Difference 4.047 t Ratio 0.67629 
Std Err Dif 5.983 DF 34 
Upper CL Dif 16.206 Prob > |t| 0.5034 
Lower CL Dif  -8.113 Prob > t 0.2517 
Confidence 0.95 Prob < t 0.7483 
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Table 115: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 147.368 147.368 0.4574 0.5034 
Error 34 10955.093 322.209   
C. Total 35 11102.461    
 
Table 116: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 121.310 4.2309 112.71 129.91 
PR 18 125.357 4.2309 116.76 133.95 
Std Error uses a pooled estimate of error variance. 
Table 117: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 121.310 21.8941 5.1605 110.42 132.20 
PR 18 125.357 12.8478 3.0282 118.97 131.75 
Table 118: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 119: Connecting Letters Report 
Level  Mean 
PR A 125.35661 
HL A 121.31010 
Levels not connected by same letter are significantly different. 
 
Table 120: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 4.046507 5.983390  -8.11330 16.20631 0.5034 
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Figure 123: Statistical analysis for IPS E-max Ceram biaxial flexural strength on firing cycle 
with different YZ core thicknesses and two different veneering techniques. 
 
4.1.2.3.1.3 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minute) 
 
Pooling the flexural strength data by veneering technique shows that there were  
significant differences in the effect of different veneering techniques on IPS e.max Ceram biaxial 
flexural strength fired on firing Cycle 3 and three different YZ core thicknesses (Figure 124-
125). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was rejected (Table 127, Table 128).  flexural strength values of (PR) IPS e.max Ceram were 
significantly higher.  
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Figure 124: Mean values of IPS E-max Ceram flexural strength on firing cycle 3, three different 
YZ core thicknesses, and two veneering techniques. 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in Tables 121-128. 
Table 121: Summary of Fit 
Rsquare 0.467065 
Adj Rsquare 0.451391 
Root Mean Square Error 18.14399 
Mean of Response 129.4707 
Observations (or Sum Wgts) 36 
 
Table 122: t Test 
Difference 33.0143 t Ratio 5.458724 
Std Err Dif 6.0480 DF 34 
Upper CL Dif 45.3053 Prob > |t| <.0001* 
Lower CL Dif 20.7233 Prob > t <.0001* 
Confidence 0.95 Prob < t 1.0000 
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Table 123: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 9809.519 9809.52 29.7977 <.0001* 
Error 34 11192.946 329.20   
C. Total 35 21002.465    
 
Table 124: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 112.964 4.2766 104.27 121.65 
PR 18 145.978 4.2766 137.29 154.67 
Std Error uses a pooled estimate of error variance 
Table 125: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 112.964 18.6669 4.3998 103.68 122.25 
PR 18 145.978 17.6056 4.1497 137.22 154.73 
Table 126: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 127: Connecting Letters Report 
Level   Mean 
PR A  145.97788 
HL  B 112.96354 
Levels not connected by same letter are significantly different 
 
Table 128: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 33.01434 6.047996 20.72324 45.30544 <.0001* 
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Figure 125: Statistical analysis for IPS E-max Ceram biaxial flexural strength on firing cycle: 
three different YZ core thicknesses and two different veneering techniques. 
 
   
4.1.2.3.2 Effect of veneering technique and YZ core thickness on biaxial flexural strength of 
IPS E-max Ceram fired using three different firing cycles. 
 
 
4.1.2.3.2.1 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 1.65mm   
Pooling the flexural strength data by veneering technique, it is observed that there were 
no significant differences in the effect of different veneering techniques on IPS e.max Ceram 
biaxial flexural strength fired on YZ core thickness 1.65mm with three different firing cycles 
(Figure 126-127).  
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table 135, Table 136) 
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Figure 126: Mean values of IPS E-max Ceram biaxial flexural strength on YZ core thickness 
1.65mm, three different firing cycles and two veneering techniques. 
 
Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one-way ANOVA and Tukey HSD are described below (Table 129 to Table 
Table 129: Summary of Fit 
Rsquare  0.078872 
Adj Rsquare 0.05178 
Root Mean Square Error 20.73006 
Mean of Response 125.2659 
Observations (or Sum Wgts) 36 
 
Table 130: t Test 
Std Err Dif 6.910 DF 34 
Upper CL Dif 25.833 Prob > |t| 0.0971 
Lower CL Dif  -2.253 Prob > t 0.0485* 
Confidence 0.95 Prob < t 0.9515 
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Table 131: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 1251.072 1251.07 2.9113 0.0971 
Error 34 14610.997 429.74   
C. Total 35 15862.069    
 
Table 132: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 119.371 4.8861 109.44 129.30 
PR 18 131.161 4.8861 121.23 141.09 
Std Error uses a pooled estimate of error variance 
Table 133: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 119.371 19.0229 4.4837 109.91 128.83 
PR 18 131.161 22.3069 5.2578 120.07 142.25 
 
Table 134: Confidence Quantile 
q* Alpha 
2.03226 0.05 
Table 135: Connecting Letters Report 
Level  Mean 
PR A 131.16096 
HL A 119.37080 
Levels not connected by same letter are significantly different 
 
Table 136: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 11.79017 6.910018  -2.25279 25.83312 0.0971  
 
 148 
 
Figure 127: Statistical analysis for IPS E-max Ceram biaxial flexural strength on t YZ core 
thickness 1.65mm, three different firing cycles and two different veneering techniques. 
4.1.2.3.2.2 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 3.25mm 
 
Pooling the flexural strength data by veneering technique indicates that there were no 
significant differences in the effect of different veneering techniques on IPS e.max Ceram biaxial 
flexural strength fired on YZ core thickness 1.65mm with three different firing cycles (128-129). 
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table143, Table 144). 
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Figure 128: Mean values of IPS E-max Ceram biaxial flexural strength on YZ core thickness 
3.25mm, three different firing cycles and two veneering techniques. 
 
 Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below. (Table 137 to 144) 
Table 137: Summary of Fit 
Rsquare 0.001085 
Adj Rsquare  -0.02829 
Root Mean Square Error 17.96595 
Mean of Response 128.303 
Observations (or Sum Wgts) 36 
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Table 138: t Test 
Difference 1.151 t Ratio 0.192197 
Std Err Dif 5.989 DF 34 
Upper CL Dif 13.321 Prob > |t| 0.8487 
Lower CL Dif  -11.019 Prob > t 0.4244 
Confidence 0.95 Prob < t 0.5756 
 
Table 139: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 11.923 11.923 0.0369 0.8487 
Error 34 10974.367 322.776   
C. Total 35 10986.291    
 
Table 140: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 127.727 4.2346 119.12 136.33 
PR 18 128.878 4.2346 120.27 137.48 
Std Error uses a pooled estimate of error variance. 
Table 141: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 127.727 22.0730 5.2027 116.75 138.70 
PR 18 128.878 12.5831 2.9659 122.62 135.14 
Table 142: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 143: Connecting Letters Report 
Level  Mean 
PR A 128.87850 
HL A 127.72750 
Levels not connected by same letter are significantly different. 
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Table 144: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 1.150999 5.988651  -11.0195 13.32150 0.8487  
 
 
 
Figure 129: Statistical analysis for IPS E-max Ceram biaxial flexural strength on t YZ core 
thickness 3.25mm, three different  firing cycles and two different veneering techniques. 
4.1.2.3.2.3 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 6.50mm 
 
Pooling the flexural strength data by veneering technique it can be seen that there were  
significant differences in the effect of different veneering techniques on IPS e.max Ceram biaxial 
flexural strength fired on YZ core thickness 6.50mm and three different firing cycles (Figure 
130-13). 
 
The null hypothesis that there is no effect from veneering technique on the flexural strength was 
rejected (Table 151, Table 152).  Flexural strength values of (PR) IPS e.max Ceram were 
significantly higher.  
100
110
120
130
140
150
160
Bi
ax
ial
 F
lex
ur
al 
st
re
ng
th
 (M
Pa
)
HL PR
Veneer Technique
All Pairs
Tukey-Kramer
0.05
 152 
 
 
Figure 130: Mean values of IPS E-max Ceram biaxial flexural strength on YZ core thickness 
6.50mm, three different firing cycles and two veneering techniques. 
 
 Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Table 145 to 152)   
 
Table 145: Summary of Fit 
Rsquare 0.334579 
Adj Rsquare 0.315008 
Root Mean Square Error 19.8998 
Mean of Response 119.6244 
Observations (or Sum Wgts) 36 
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Table 146: t Test 
Difference 27.4264 t Ratio 4.134671 
Std Err Dif 6.6333 DF 34 
Upper CL Dif 40.9068 Prob > |t| 0.0002* 
Lower CL Dif 13.9460 Prob > t 0.0001* 
Confidence 0.95 Prob < t 0.9999 
 
Table 147: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 6769.856 6769.86 17.0955 0.0002* 
Error 34 13464.076 396.00   
C. Total 35 20233.932    
 
Table 148: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 105.911 4.6904 96.38 115.44 
PR 18 133.338 4.6904 123.81 142.87 
 Std Error uses a pooled estimate of error variance 
 
Table 149: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 105.911 20.6445 4.8660 95.64 116.18 
PR 18 133.338 19.1261 4.5081 123.83 142.85 
 
Table 150: Confidence Quantile 
q* Alpha 
2.03226 0.05 
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Table 151: Connecting Letters Report 
Level   Mean 
PR A  133.33760 
HL  B 105.91122 
Levels not connected by same letter are significantly different. 
 
Table 152: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 27.42638 6.633268 13.94585 40.90690 0.0002*  
 
 
Figure 131: Statistical analysis for IPS E-max Ceram biaxial flexural strength on t YZ core 
thickness 6.50mm, three different  firing cycles and two different veneering techniques. 
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Figure 132: Mean values of IPS e-max Ceram flexural strength on three different YZ core 
thicknesses, three firing cycles and two veneering techniques. 
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Figure 133: Mean values of IPS e-max Ceram flexural strength on three different YZ core 
thicknesses, three firing cycles and two veneering techniques. 
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4.2 Thermal Shock Resistance Test 
4.2.1 Thermologger Reading 
4.2.1.1 Wash Layer Cycle Thermologger Reading 
 
Figure 134: Wash Layer firing cycles 
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4.2.1.2 Effect of Different Firing Cycles on YZ Core Thermal Conductivity 
4.2.1.2.1 Effect of Firing Cycle 1(Heat Rate 55 °C/ Min, Hold Time 1 Minute) on Thermal 
Conductivity of YZ Core with Three Different Thicknesses. 
 
 
 
Figure 135: Thermocouple reading of firing Cycle 1(Heat Rate 55 °C/ Min, Hold Time 1 
Minute) 
Temperature measurement of the manufacturer recommended firing cycle (Firing Cycle 
1), showed that there were differences between the specimens' surface temperature.  The 1.65mm 
thick specimens recorded the highest temperature, 937°C, and 6.50 mm samples were the lowest, 
at 927°C.  All of the specimens' recorded temperatures were higher than the furnace programmed 
temperature which was 910 °C. 1.65mm thick specimens reached the optimum firing temperature 
at the beginning of the holding cycle, while 3.25mm and 6.50mm thick specimens did not reach 
the optimum firing temperature by the time the holding cycle began. 
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4.2.1.2.2 Effect of Firing Cycle 2(Heat Rate 20 °C/ Min, Hold Time 2 Minute) on Thermal 
Conductivity of YZ Core with Three Different Thicknesses 
 
 
Figure 136: Thermocouple reading of firing Cycle 2(Heat Rate 20 °C/ Min, Hold Time 2 
Minutes) 
 
Temperature readings of samples in the first modified firing cycle with faster heating and 
shorter holding time (Firing Cycle 2), measurements indicated that the differences between all 
different specimens’ surface temperature were not noticeable. All of the specimens recorded 
temperatures were higher than the furnace programmed temperature which was 910 °C by 27 °C, 
all specimen with different YZ core thicknesses reached optimum firing temperature by the 
beginning of the holding cycle. 
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4.2.1.2.3 Effect of Firing Cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minute) on Thermal 
Conductivity of YZ Core with Three Different Thicknesses 
 
 
Figure 137: Thermocouple reading of firing Cycle 3(Heat Rate 20 °C/ Min, Hold Time 3 
Minutes) 
 
In the readings of first modified firing cycle with slower heating and the longest holding 
time (Firing Cycle 3), the differences between all specimen’ surface temperatures were not 
noticeable. All of the specimens recorded temperatures were higher than the furnace 
programmed temperature which was 910 °C by 27 °C, all specimen with different YZ core 
thickness reached optimum firing temperature by the beginning of the holding cycle 
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4.2.1.3 Effect of Different YZ Core Thicknesses on Thermal Conductivity 
4.2.1.3.1 Effect of Three Different Thermal Cycles on Thermal Conductivity of YZ Core 
Thickness 1.65mm 
 
 
Figure 138: Thermocouple reading of YZ Thickness 1.65mm specimen using  
3 different firing Cycles  
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4.2.1.3.2 Effect of Three Different Thermal Cycles on Thermal Conductivity of YZ Core 
Thickness 3.25mm 
 
 
Figure 139: Thermocouple reading of YZ Thickness 3.25mm specimen using  
 3 different firing Cycles  
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4.2.1.3.3 Effect of Three Different Thermal Cycles on Thermal Conductivity of YZ Core 
Thickness 6.50mm 
 
 
Figure 140: Thermocouple reading of YZ Thickness 6.50mm specimen using 
3 different firing cycles  
 
4.2.2 Thermal Shock Resistance Test of VITA VM9  
4.2.2.1 Effect YZ Core thickness and firing cycle on thermal shock resistance of Hand 
Layered (HL) VITA VM9    
4.2.2.1.1 Effect of YZ core thickness on thermal of (HL) VITA VM9 fired on three different 
firing cycles 
 
There were significant differences in the effect of three different YZ core thicknesses on 
Hand Layered (HL) VITA VM9 thermal shock resistance, fired with three different firing cycles.  
The thermal shock resistance values of 1.65mm thickness samples are significantly higher, 
whereas the values of YZ core Thickness 6.5mm samples are significantly lower, (Table 158, 
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Table 159). The null hypothesis that there is no effect due to the YZ core thickness was rejected 
(Figure 141-146). 
 
4.2.2.1.1.1 Effect of three different YZ core thicknesses with firing cycle 1 (Heat Rate 55 
°C/ Min, Hold Time 1 Minute) 
 
Figure 141:  Mean values of Hand Layered (HL) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute) 
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Figure 142: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
three different YZ core thicknesses and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 
Minute) 
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4.2.2.1.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 20 °C/ 
Min, Hold Time 2 Minute) 
 
 
Figure 143:  Mean values of Hand Layered (HL) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 2 (Heat Rate 20°C/ Min, Hold Time 2 Minute) 
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Figure 144: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 
Minute) 
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4.2.2.1.1.3 Effect of three different YZ core thicknesses and firing Cycle 3 (Heat Rate 20 
°C/ Min, Hold Time 3 Minute) 
 
Figure 145:  Mean values of Hand Layered (HL) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 3 (Heat Rate 20°C/ Min, Hold Time 3 Minute) 
 
 
Figure 146: Statistical analysis for Hand Layered (HL) VITA VM9  thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 
Minute) 
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4.2.2.1.2 Effect of firing cycle on thermal shock resistance of (HL) VITA VM9 fired on 
three different YZ core thicknesses 
 
There were no significant differences in the effect of three different firing cycles on Hand 
Layered (HL) VITA VM9 thermal shock resistance values, fired on three different YZ core 
thicknesses  T(able 158, Table 159). The null hypothesis that there is no effect of the firing cycle 
was accepted (Figure 147-152).   
 
4.2.2.1.2.1 Effect of three different firing cycles and YZ Core Thickness 1.65mm 
 
 
Figure 147:  Mean values of Hand Layered (HL) thermal resistance shock on YZ core thickness 
1.65mm  and three different firing cycles  
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Figure 148: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
1.65mm YZ core thickness and three different firing cycles   
 
4.2.2.1.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
 
Figure 149:  Mean values of Hand Layered (HL) thermal resistance shock on YZ core thickness 
3.25mm  and three different firing cycles 
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Figure 150: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
3.25mm YZ core thickness  and three different firing cycles   
 
 
4.2.2.1.2.3 Effect of three different firing cycles and YZ Core Thickness 6.50mm 
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Figure 151:  Mean values of Hand Layered (HL) thermal resistance shock on YZ core thickness 
6.50mm and three different firing cycles  
 
Figure 152: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
6.50mm YZ core thickness  and three different firing cycles 
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4.2.2.1.3 Effect of all firing cycles  
 
 
Figure 153: Mean values of Hand Layered (HL) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses and firing cycles 
 
Figure 154: Mean values of Hand Layered (HL) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses  and firing cycles 
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Table 153: One way Anova Summary of Fit 
Rsquare 0.557525 
Adj Rsquare 0.478863 
Root Mean Square Error 28.23184 
Mean of Response 153.7037 
Observations (or Sum Wgts) 54 
 
Table 154: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
I.D 8 45192.593 5649.07 7.0876 <.0001* 
Error 45 35866.667 797.04   
C. Total 53 81059.259    
 
Table 155: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL, 1.65mm, Cycle 1 6 186.667 11.526 163.45 209.88 
HL, 1.65mm, Cycle 2 6 170.000 11.526 146.79 193.21 
HL, 1.65mm, Cycle 3 6 175.000 11.526 151.79 198.21 
HL, 3.25mm, Cycle 1 6 190.000 11.526 166.79 213.21 
HL, 3.25mm, Cycle 2 6 146.667 11.526 123.45 169.88 
HL, 3.25mm, Cycle 3 6 141.667 11.526 118.45 164.88 
HL, 6.50mm, Cycle 1 6 91.667 11.526 68.45 114.88 
HL, 6.50mm, Cycle 2 6 145.000 11.526 121.79 168.21 
HL, 6.50mm, Cycle 3 6 136.667 11.526 113.45 159.88 
Std Error uses a pooled estimate of error variance 
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Table 156: Means and Standard Deviations 
Level Number Mean Std Dev Std Err 
Mean 
Lower 
95% 
Upper 
95% 
HL, 1.65mm, 
Cycle 1 
6 186.667 27.3252 11.155 157.99 215.34 
HL, 1.65mm, 
Cycle 2 
6 170.000 16.7332 6.831 152.44 187.56 
HL, 1.65mm, 
Cycle 3 
6 175.000 12.2474 5.000 162.15 187.85 
HL, 3.25mm, 
Cycle 1 
6 190.000 55.8570 22.804 131.38 248.62 
HL, 3.25mm, 
Cycle 2 
6 146.667 12.1106 4.944 133.96 159.38 
HL, 3.25mm, 
Cycle 3 
6 141.667 9.8319 4.014 131.35 151.98 
HL, 6.50mm, 
Cycle 1 
6 91.667 4.0825 1.667 87.38 95.95 
HL, 6.50mm, 
Cycle 2 
6 145.000 33.9116 13.844 109.41 180.59 
HL, 6.50mm, 
Cycle 3 
6 136.667 38.2971 15.635 96.48 176.86 
 
Table 157: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 158: Connecting Letters Report 
Level    Mean 
HL, 3.25mm, Cycle 1 A   190.00000 
HL, 1.65mm, Cycle 1 A B  186.66667 
HL, 1.65mm, Cycle 3 A B  175.00000 
HL, 1.65mm, Cycle 2 A B  170.00000 
HL, 3.25mm, Cycle 2 A B  146.66667 
HL, 6.50mm, Cycle 2 A B  145.00000 
HL, 3.25mm, Cycle 3 A B C 141.66667 
HL, 6.50mm, Cycle 3  B C 136.66667 
HL, 6.50mm, Cycle 1   C 91.66667 
Levels not connected by same letter are significantly different 
Table 159: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
98.33333 16.29966 45.2430 151.4237 <.0001* 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
95.00000 16.29966 41.9096 148.0904 <.0001* 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
83.33333 16.29966 30.2430 136.4237 0.0002* 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
78.33333 16.29966 25.2430 131.4237 0.0006* 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
55.00000 16.29966 1.9096 108.0904 0.0371* 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
53.33333 16.29966 0.2430 106.4237 0.0482* 
HL, 6.50mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 1 
53.33333 16.29966 0.2430 106.4237 0.0482* 
HL, 1.65mm, HL, 6.50mm, 50.00000 16.29966  -3.0904 103.0904 0.0792 
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Cycle 1 Cycle 3 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
50.00000 16.29966  -3.0904 103.0904 0.0792 
HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
48.33333 16.29966  -4.7570 101.4237 0.1002 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
45.00000 16.29966  -8.0904 98.0904 0.1562 
HL, 1.65mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
45.00000 16.29966  -8.0904 98.0904 0.1562 
HL, 6.50mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 1 
45.00000 16.29966  -8.0904 98.0904 0.1562 
HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 2 
43.33333 16.29966  -9.7570 96.4237 0.1922 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
41.66667 16.29966  -11.4237 94.7570 0.2339 
HL, 1.65mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 2 
40.00000 16.29966  -13.0904 93.0904 0.2814 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
38.33333 16.29966  -14.7570 91.4237 0.3347 
HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 3 
33.33333 16.29966  -19.7570 86.4237 0.5218 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
33.33333 16.29966  -19.7570 86.4237 0.5218 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
30.00000 16.29966  -23.0904 83.0904 0.6559 
HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 2 
28.33333 16.29966  -24.7570 81.4237 0.7203 
HL, 1.65mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
28.33333 16.29966  -24.7570 81.4237 0.7203 
HL, 1.65mm, HL, 6.50mm, 25.00000 16.29966  -28.0904 78.0904 0.8336 
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Cycle 2 Cycle 2 
HL, 1.65mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 2 
23.33333 16.29966  -29.7570 76.4237 0.8795 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
20.00000 16.29966  -33.0904 73.0904 0.9460 
HL, 1.65mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
16.66667 16.29966  -36.4237 69.7570 0.9816 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 3 
15.00000 16.29966  -38.0904 68.0904 0.9906 
HL, 1.65mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 3 
11.66667 16.29966  -41.4237 64.7570 0.9983 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
10.00000 16.29966  -43.0904 63.0904 0.9994 
HL, 6.50mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
8.33333 16.29966  -44.7570 61.4237 0.9999 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
5.00000 16.29966  -48.0904 58.0904 1.0000 
HL, 3.25mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
5.00000 16.29966  -48.0904 58.0904 1.0000 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
5.00000 16.29966  -48.0904 58.0904 1.0000 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 1 
3.33333 16.29966  -49.7570 56.4237 1.0000 
HL, 6.50mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
3.33333 16.29966  -49.7570 56.4237 1.0000 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
1.66667 16.29966  -51.4237 54.7570 1.0000 
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Figure 155: Statistical analysis for Hand Layered (HL) VITA VM9 thermal shock resistance on 
three different YZ core thicknesses  and three different firing cycles  
 
 
4.2.2.2 Effect of firing cycles on thermal shock resistance of Pressed (PR)VITA VM9 fired 
on three different YZ core thicknesses 
 
The mean thermal shock resistance values (°C) Pressed porcelain veneer VITA VM9  
fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thickness (1.65 mm, 3.25 mm and 
6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (193.333±10.328 °C), Cycle 1/3.25 
mm (211.667±13.291°C) , Cycle 1/6.50 mm (168.333± 42.6224 °C), Cycle 2/1.65mm 
(181.667±17.224 °C) MPa, Cycle 2/3.25 mm (188.333±22.286 °C) , Cycle 2/6.50 mm 
(180.00±35.213 °C), Cycle 3 /1.65 mm (173.333±22.509 °C), Cycle 3/3.25 mm 
(185.000±15.165 °C) and Cycle 3/6.50 mm (166.667±13.662 °C) MPa as shown in Table 163 
and Figure 156-170. 
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4.2.2.2.1 Effect of YZ core thickness on thermal shock resistance of (PR) VITA VM9 fired 
with three different firing cycles 
 
There were significant differences in the effect of the three different YZ core thicknesses 
on Hand Layered (PR) VITA VM9 thermal shock resistance, fired using three different firing 
cycles. T thermal shock resistance values of 3.25mm thick samples are significantly higher, 
whereas the values for  YZ core Thickness 6.5mm samples were significantly lower (Table 176, 
Table 177 ).  The null hypothesis that there is no effect from the firing cycle was rejected  
(Figure 156-161). 
4.2.2.2.1.1  Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 55 °C/ 
Min, Hold Time 1 Minute ) 
 
 
Figure 156: Mean values of Pressed (PR) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute ) 
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Figure 157: Statistical analysis for Pressed (PR) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute) 
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4.2.2.2.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 20 °C/ 
Min, Hold Time 2 Minute) 
 
 
Figure 158: Mean values of Pressed (PR) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 Minutes ) 
 
 
Figure 159: Statistical analysis for Pressed (PR) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 Minute) 
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4.2.2.2.1.3 Effect of three different YZ core thicknesses and firing cycle 3 ( Heat Rate 20 °C/ 
Min, Hold Time 3 Minute ) 
 
 
Figure 160:  Mean values of Pressed (PR) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minutes ) 
 
Figure 161: Statistical analysis for Pressed (PR) VITA VM9  thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minute) 
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4.2.2.2.2 Effect of YZ core thicknesses on thermal shock resistance of Pressed (PR) VITA 
VM9 fired using three different firing cycles 
 
There were no significant differences in the effect of three different firing cycles on Hand 
Layered (HL) VITA VM9 thermal shock resistance values, fired on three different YZ core 
thicknesses (Table 165, Table 166 . The null hypothesis that there is no effect of the firing cycle 
was accepted, (Figure 162-166) 
 
4.2.2.2.2.1 Effect of three different firing cycles and YZ Core Thickness 1.65mm 
 
 
Figure 162: Mean values of Pressed (PR) VITA VM9 thermal shock resistance on  YZ core 
thickness 1.65mm  and three different firing cycles  
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Figure 163:  Statistical analysis for Pressed (PR) VITA VM9  thermal shock resistance on 
1.65mm YZ core thickness  and three different firing cycles 
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4.2.2.2.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
 
Figure 164: Mean values of Pressed (PR) VITA VM9 thermal shock resistance on  YZ core 
thickness 3.25mm  and three different firing cycles  
 
Figure 165: Statistical analysis for Pressed (PR) VITA VM9  thermal shock resistance on 
3.25mm YZ core thickness  and three different firing cycles 
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4.2.2.2.2.3 Effect of three different firing cycles and YZ Core Thickness 6.50mm 
 
 
Figure 166: Mean values of Pressed (PR) VITA VM9 thermal shock resistance on YZ core 
thickness 6.50mm and three different firing cycles  
 
Figure 167: Statistical analysis for Pressed (PR) VITA VM9 thermal shock resistance on 
3.25mm YZ core thickness and three different firing cycles 
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4.2.2.2.3 Effect of all firing cycles  
 
 
 
Figure 168: Mean values of Pressed (PR) VITA VM9 thermal shock resistance on three different 
YZ core thicknesses and firing cycles 
 
Figure 169: Mean values of Pressed (PR) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses and firing cycles 
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Table 160: One way Anova Summary of Fit 
Rsquare 0.268524 
Adj Rsquare 0.138484 
Root Mean Square Error 23.70341 
Mean of Response 183.1481 
Observations (or Sum Wgts) 54 
 
Table 161: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
I.D 8 9281.481 1160.19 2.0649 0.0598 
Error 45 25283.333 561.85   
C. Total 53 34564.815    
 
 
 
Table 162: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
PR, 1.65mm, Cycle 1 6 193.333 9.6769 173.84 212.82 
PR, 1.65mm, Cycle 2 6 181.667 9.6769 162.18 201.16 
PR, 1.65mm, Cycle 3 6 173.333 9.6769 153.84 192.82 
PR, 3.25mm, Cycle 1 6 211.667 9.6769 192.18 231.16 
PR, 3.25mm, Cycle 2 6 188.333 9.6769 168.84 207.82 
PR, 3.25mm, Cycle 3 6 185.000 9.6769 165.51 204.49 
PR, 6.50mm, Cycle 1 6 168.333 9.6769 148.84 187.82 
PR, 6.50mm, Cycle 2 6 180.000 9.6769 160.51 199.49 
PR, 6.50mm, Cycle 3 6 166.667 9.6769 147.18 186.16 
Std Error uses a pooled estimate of error variance 
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Table 163: Means and Standard Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
PR, 1.65mm, Cycle 
1 
6 193.333 10.3280 4.216 182.49 204.17 
PR, 1.65mm, Cycle 
2 
6 181.667 17.2240 7.032 163.59 199.74 
PR, 1.65mm, Cycle 
3 
6 173.333 22.5093 9.189 149.71 196.96 
PR, 3.25mm, Cycle 
1 
6 211.667 13.2916 5.426 197.72 225.62 
PR, 3.25mm, Cycle 
2 
6 188.333 22.2860 9.098 164.95 211.72 
PR, 3.25mm, Cycle 
3 
6 185.000 15.1658 6.191 169.08 200.92 
PR, 6.50mm, Cycle 
1 
6 168.333 42.6224 17.401 123.60 213.06 
PR, 6.50mm, Cycle 
2 
6 180.000 35.2136 14.376 143.05 216.95 
PR, 6.50mm, Cycle 
3 
6 166.667 13.6626 5.578 152.33 181.00 
 
Table 164: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 165: Connecting Letters Report 
Level   Mean 
PR, 3.25mm, Cycle 1 A  211.66667 
PR, 1.65mm, Cycle 1 A B 193.33333 
PR, 3.25mm, Cycle 2 A B 188.33333 
PR, 3.25mm, Cycle 3 A B 185.00000 
PR, 1.65mm, Cycle 2 A B 181.66667 
PR, 6.50mm, Cycle 2 A B 180.00000 
PR, 1.65mm, Cycle 3 A B 173.33333 
PR, 6.50mm, Cycle 1 A B 168.33333 
PR, 6.50mm, Cycle 3  B 166.66667 
 
Levels not connected by same letter are significantly different. 
 
Table 166: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 3 
45.00000 13.68517 0.4254 89.57459 0.0463* 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
43.33333 13.68517  -1.2413 87.90792 0.0625 
PR, 3.25mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 3 
38.33333 13.68517  -6.2413 82.90792 0.1436 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
31.66667 13.68517  -12.9079 76.24125 0.3558 
PR, 3.25mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 2 
30.00000 13.68517  -14.5746 74.57459 0.4279 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 3 
26.66667 13.68517  -17.9079 71.24125 0.5853 
PR, 3.25mm, PR, 3.25mm, 26.66667 13.68517  -17.9079 71.24125 0.5853 
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Cycle 1 Cycle 3 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
25.00000 13.68517  -19.5746 69.57459 0.6648 
PR, 3.25mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 2 
23.33333 13.68517  -21.2413 67.90792 0.7403 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 3 
21.66667 13.68517  -22.9079 66.24125 0.8086 
PR, 1.65mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 3 
20.00000 13.68517  -24.5746 64.57459 0.8669 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
20.00000 13.68517  -24.5746 64.57459 0.8669 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 3 
18.33333 13.68517  -26.2413 62.90792 0.9136 
PR, 3.25mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 1 
18.33333 13.68517  -26.2413 62.90792 0.9136 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
16.66667 13.68517  -27.9079 61.24125 0.9482 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 3 
15.00000 13.68517  -29.5746 59.57459 0.9719 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 3 
15.00000 13.68517  -29.5746 59.57459 0.9719 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
13.33333 13.68517  -31.2413 57.90792 0.9864 
PR, 6.50mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 3 
13.33333 13.68517  -31.2413 57.90792 0.9864 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
13.33333 13.68517  -31.2413 57.90792 0.9864 
PR, 1.65mm, 
Cycle 1 
PR, 1.65mm, 
Cycle 2 
11.66667 13.68517  -32.9079 56.24125 0.9943 
PR, 3.25mm, PR, 1.65mm, 11.66667 13.68517  -32.9079 56.24125 0.9943 
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Cycle 3 Cycle 3 
PR, 6.50mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
11.66667 13.68517  -32.9079 56.24125 0.9943 
PR, 1.65mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 3 
8.33333 13.68517  -36.2413 52.90792 0.9995 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
8.33333 13.68517  -36.2413 52.90792 0.9995 
PR, 1.65mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 3 
8.33333 13.68517  -36.2413 52.90792 0.9995 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
6.66667 13.68517  -37.9079 51.24125 0.9999 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 3 
6.66667 13.68517  -37.9079 51.24125 0.9999 
PR, 6.50mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 3 
6.66667 13.68517  -37.9079 51.24125 0.9999 
PR, 1.65mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 2 
5.00000 13.68517  -39.5746 49.57459 1.0000 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
5.00000 13.68517  -39.5746 49.57459 1.0000 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
5.00000 13.68517  -39.5746 49.57459 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 3 
3.33333 13.68517  -41.2413 47.90792 1.0000 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
3.33333 13.68517  -41.2413 47.90792 1.0000 
PR, 6.50mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 3 
1.66667 13.68517  -42.9079 46.24125 1.0000 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
1.66667 13.68517  -42.9079 46.24125 1.0000 
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Figure 170: Statistical analysis for Pressed (PR) VITA VM9 thermal shock resistance on three 
different YZ core thicknesses and three different firing cycles   
 
4.2.2.3 Effect of veneering technique 
4.2.2.3.1 Effect of Veneering technique and firing cycles on thermal shock resistance of 
VITA VM9 fired on three different YZ core thicknesses 
 
 
4.2.2.3.1.1 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 1(Heat Rate 55°C/ Min, Hold Time 1 Minute) 
 
Pooling the thermal shock resistance data by veneering technique indicated that there were 
significant differences in the effect of different veneering techniques on VITA VM9 thermal 
shock resistance values fired on firing Cycle 1 and three different YZ core thicknesses (Figure 
171-172) 
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The null hypothesis that there is no effect of veneering technique on thermal shock resistance 
was rejected (Table 173, Table 174).  Thermal shock resistance values of (PR) VITA VM9   
were significantly higher.  
 
 
Figure 171: Mean values of VITA VM9 thermal shock resistance on firing cycle 1, three 
different YZ core thicknesses, and two veneering techniques 
      
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Table 167-174).  
 
 
 
Table 167: Summary of Fit 
Rsquare 0.131202 
Adj Rsquare 0.105649 
Root Mean Square Error 46.33813 
Mean of Response 173.6111 
Observations (or Sum Wgts) 36 
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Table 168: t Test 
Difference 35.0000 t Ratio 2.265953 
Std Err Dif 15.4460 DF 34 
Upper CL Dif 66.3901 Prob > |t| 0.0299* 
Lower CL Dif 3.6099 Prob > t 0.0150* 
Confidence 0.95 Prob < t 0.9850 
 
Table 169: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 11025.000 11025.0 5.1345 0.0299* 
Error 34 73005.556 2147.2   
C. Total 35 84030.556    
Table 170: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 156.111 10.922 133.91 178.31 
PR 18 191.111 10.922 168.91 213.31 
Std Error uses a pooled estimate of error variance 
Table 171: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 156.111 57.8170 13.628 127.36 184.86 
PR 18 191.111 30.8486 7.271 175.77 206.45 
Table 172: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 173: Connecting Letters Report 
Level   Mean 
PR A  191.11111 
HL  B 156.11111 
Levels not connected by same letter are significantly different 
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Table 174: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 35.00000 15.44604 3.609627 66.39037 0.0299*  
 
 
 
 
Figure 172: Statistical analysis for VITA VM9 thermal shock resistance on firing cycle, 1three 
different YZ core thicknesses and two different veneering techniques 
 
 
4.2.2.3.1.2 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 2(Heat Rate 20 °C/ Min, Hold Time 2 Minutes) 
 
Pooling the thermal shock resistance data by veneering technique indicates that there 
were significant differences in the effect of different veneering techniques on VITA VM9  
thermal shock resistance values fired using firing Cycle 2 and three different YZ core thicknesses 
(Figure 173-174). 
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The null hypothesis that there is no effect of veneering technique on thermal shock 
resistance was rejected (Table 181, Table 182).  Thermal shock resistance values of (PR) VITA 
VM9   were significantly higher.  
 
 
 
Figure 173:  Mean values of VITA VM9 thermal shock resistance on firing cycle 2, three 
different YZ core thickness, and two veneering techniques. 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below 
 
Table 175: Summary of Fit 
Rsquare 0.27445 
Adj Rsquare 0.253111 
Root Mean Square Error 24.63127 
Mean of Response 168.6111 
Observations (or Sum Wgts) 36 
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Table 176: t Test 
Difference 29.4444 t Ratio 3.586228 
Std Err Dif 8.2104 DF 34 
Upper CL Dif 46.1300 Prob > |t| 0.0010* 
Lower CL Dif 12.7589 Prob > t 0.0005* 
Confidence 0.95 Prob < t 0.9995 
 
Table 177: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 7802.778 7802.78 12.8610 0.0010* 
Error 34 20627.778 606.70   
C. Total 35 28430.556    
 
Table 178: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 153.889 5.8056 142.09 165.69 
PR 18 183.333 5.8056 171.53 195.13 
Std Error uses a pooled estimate of error variance 
Table 179: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 153.889 24.5282 5.7814 141.69 166.09 
PR 18 183.333 24.7339 5.8298 171.03 195.63 
 
Table 180: Confidence Quantile 
q* Alpha 
2.03226 0.05 
Table 181: Connecting Letters Report 
Level   Mean 
PR A  183.33333 
HL  B 153.88889 
Levels not connected by same letter are significantly different. 
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Table 182: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 29.44444 8.210423 12.75873 46.13016 0.0010*  
 
 
Figure 174: Statistical analysis for VITA VM9 thermal shock resistance on firing cycle 2, 
with three different YZ core thicknesses and two different veneering techniques 
 
4.2.2.3.1.3 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minutes)  
 
Pooling the thermal shock resistance data by veneering technique shows that there were 
significant differences in the effect of different veneering techniques on VITA VM9  thermal 
shock resistance values fired with firing Cycle 2 and three different YZ core thicknesses (Figure 
175-176) 
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The null hypothesis that there is no effect of veneering technique on thermal shock 
resistance was rejected (Table 189, Table 190).  Thermal shock resistance values of (PR) VITA 
VM9   were significantly higher. 
 
 
Figure 175: Mean values of VITA VM9 thermal shock resistance on firing cycle 3, three 
different YZ core thicknesses, and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 183 to 190).  
 
Table 183: Summary of Fit 
Rsquare 0.209092 
Adj Rsquare 0.18583 
Root Mean Square Error 23.90408 
Mean of Response 163.0556 
Observations (or Sum Wgts) 36 
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Table 184: t Test 
Difference 23.8889 t Ratio 2.998093 
Std Err Dif 7.9680 DF 34 
Upper CL Dif 40.0819 Prob > |t| 0.0051* 
Lower CL Dif 7.6959 Prob > t 0.0025* 
Confidence 0.95 Prob < t 0.9975 
 
Table 185: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 5136.111 5136.11 8.9886 0.0051* 
Error 34 19427.778 571.41   
C. Total 35 24563.889    
 
Table 186: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 151.111 5.6342 139.66 162.56 
PR 18 175.000 5.6342 163.55 186.45 
Std Error uses a pooled estimate of error variance 
Table 187: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 151.111 28.4685 6.7101 136.95 165.27 
PR 18 175.000 18.2305 4.2970 165.93 184.07 
 
Table 188: Confidence Quantile 
q* Alpha 
2.03226 0.05 
Table 189: Connecting Letters Report 
Level   Mean 
PR A  175.00000 
HL  B 151.11111 
Levels not connected by same letter are significantly different. 
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Table 190: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 23.88889 7.968028 7.695786 40.08199 0.0051* 
 
 
Figure 176: Statistical analysis for VITA VM9 thermal shock resistance on firing cycle 3, three 
different YZ core thicknesses and two different veneering techniques 
 
4.2.2.3.2 Effect of veneering technique and YZ core thickness on thermal shock resistance 
of VITA VM9 fired on three different firing cycle  
 
4.2.2.3.2.1 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 1.65mm 
 
Pooling the thermal shock resistance data by veneering technique shows there were no 
significant differences in the effect of different veneering techniques on VITA VM9 thermal 
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shock resistance values fired on YZ core thickness 1.65mm with three different firing cycles 
(Figure 177-178).  
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
was accepted (Table 197, Table 198). 
 
 
Figure 177: Mean values of VITA VM9 thermal shock resistance on YZ core thickness 1.65mm, 
three different firing cycles and two veneering techniques 
 
 Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in tables 191 to 198.   
  
Table 191: Summary of Fit 
Rsquare 0.021701 
Adj Rsquare  -0.00707 
Root Mean Square Error 19.19116 
Mean of Response 180 
Observations (or Sum Wgts) 36 
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Table 192: t Test 
Difference 5.556 t Ratio 0.868455 
Std Err Dif 6.397 DF 34 
Upper CL Dif 18.556 Prob > |t| 0.3912 
Lower CL Dif  -7.445 Prob > t 0.1956 
Confidence 0.95 Prob < t 0.8044 
 
Table 193: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 277.778 277.778 0.7542 0.3912 
Error 34 12522.222 368.301   
C. Total 35 12800.000    
 
Table 194: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 177.222 4.5234 168.03 186.41 
PR 18 182.778 4.5234 173.59 191.97 
Std Error uses a pooled estimate of error variance. 
 
 
Table 195: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 177.222 19.9427 4.7005 167.30 187.14 
PR 18 182.778 18.4089 4.3390 173.62 191.93 
 
Table 196: Confidence Quantile 
q* Alpha 
2.03226 0.05 
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Table 197: Connecting Letters Report 
Level  Mean 
PR A 182.77778 
HL A 177.22222 
Levels not connected by same letter are significantly different 
Table 198: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 5.555556 6.397054  -7.44492 18.55603 0.3912  
 
 
Figure 178: Statistical analysis for VITA VM9 thermal shock resistance on t YZ core thickness 
1.65mm, three different  firing cycles and two different veneering techniques 
 
4.2.2.3.2.2 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 3.25mm 
 
Pooling the thermal shock resistance data by veneering technique revealed that there were 
significant differences in the effect of different veneering techniques on VITA VM9  thermal 
shock resistance values fired on YZ core thickness 3.25mm employing three different firing 
cycles (179-180). 
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The null hypothesis that there is no effect of veneering technique on thermal shock 
resistance was rejected (Table 205, Table 206).   Thermal shock resistance values of (PR) VITA 
VM9   were significantly higher.  
 
 
 
Figure 179:  Mean values of VITA VM9 thermal shock resistance on YZ core thickness 
3.25mm, three different firing cycles and two veneering techniques 
 
  Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in tables 199 to 206.   
 Table 199: Summary of Fit 
Rsquare 0.260229 
Adj Rsquare 0.238471 
Root Mean Square Error 30.84327 
Mean of Response 177.2222 
Observations (or Sum Wgts) 36 
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Table 200: t Test 
Difference  35.5556 t Ratio 3.458345 
Std Err Dif 10.2811 DF 34 
Upper CL Dif 56.4492 Prob > |t| 0.0015* 
Lower CL Dif 14.6619 Prob > t 0.0007* 
Confidence 0.95 Prob < t 0.9993 
Table 201: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 11377.778 11377.8 11.9602 0.0015* 
Error 34 32344.444 951.3   
C. Total 35 43722.222    
 
Table 202: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 159.444 7.2698 144.67 174.22 
PR 18 195.000 7.2698 180.23 209.77 
 Std Error uses a pooled estimate of error variance 
Table 203: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 159.444 38.5734 9.0918 140.26 178.63 
PR 18 195.000 20.3643 4.7999 184.87 205.13 
Table 204: Confidence Quantile 
q* Alpha 
2.03226 0.05 
Table 205: Connecting Letters Report 
Level   Mean 
PR A  195.00000 
HL  B 159.44444 
Levels not connected by same letter are significantly different. 
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Table 206: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 35.55556 10.28109 14.66171 56.44940 0.0015* 
 
 
 
Figure 180: Statistical analysis for VITA VM9  thermal shock resistance on t YZ core thickness 
3.25mm, three different  firing cycles and two different veneering techniques 
4.2.2.3.2.3 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 6.50mm 
 
Pooling the thermal shock resistance data by veneering technique indicates that there were 
significant differences in the effect of different veneering techniques on VITA VM9  thermal 
shock resistance values fired on YZ core thickness 3.25mm and three different firing cycles 
(Figure 181-182). 
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The null hypothesis that there is no effect of veneering technique on thermal shock resistance 
was rejected (Table 213, Table 214).  Thermal shock resistance values of (PR) VITA VM9 were 
significantly higher. 
 
 
Figure 181: Mean values of VITA VM9 thermal shock resistance on YZ core thickness 6.50mm, 
three different firing cycles and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below. (Table 207-214)  
 
Table 207: Summary of Fit 
Rsquare 0.334692 
Adj Rsquare 0.315124 
Root Mean Square Error 34.25443 
Mean of Response 148.0556 
Observations (or Sum Wgts) 36 
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Table 208: Analysis of Variance 
Difference  47.2222 t Ratio 4.135718 
Std Err Dif 11.4181 DF 34 
Upper CL Dif 70.4267 Prob > |t| 0.0002* 
Lower CL Dif 24.0178 Prob > t 0.0001* 
Confidence 0.95 Prob < t 0.9999 
 
Table 209: t Test 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 20069.444 20069.4 17.1042 0.0002* 
Error 34 39894.444 1173.4   
C. Total 35 59963.889    
 
Table 210: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 124.444 8.0738 108.04 140.85 
PR 18 171.667 8.0738 155.26 188.07 
Std Error uses a pooled estimate of error variance 
 
 
 
Table 211: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 124.444 36.8179 8.6781 106.14 142.75 
PR 18 171.667 31.4830 7.4206 156.01 187.32 
 
Table 212: Confidence Quantile 
q* Alpha 
2.03226 0.05 
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Table 213: Connecting Letters Report 
Level   Mean 
PR A  171.66667 
HL  B 124.44444 
Levels not connected by same letter are significantly different. 
Table 214: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 47.22222 11.41814 24.01759 70.42686 0.0002* 
 
 
 
Figure 182: Statistical analysis for VITA VM9  thermal shock resistance on t YZ core thickness 
6.50mm, three different  firing cycles and two different veneering techniques 
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Figure 183: Mean values of VITA VM9 thermal shock resistance on three different YZ core 
thicknesses, firing cycles and two veneering techniques. 
 
 
Figure 184: Mean values of VITA VM9 thermal shock resistance on three different YZ core 
thicknesses, firing cycles and two veneering techniques. 
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4.2.3 Thermal Shock Resistance Test of IPS E-max Ceram 
4.2.3.1 Effect YZ Core thickness and firing cycle on thermal shock resistance of Hand 
Layered (HL) IPS e.max Ceram   
 
The mean thermal shock resistance values (°C)  for Hand Layered porcelain veneer IPS 
e.max Ceram fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thickness (1.65 mm, 
3.25 mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (150.000±15.491°C) 
MPa, Cycle 1/3.25 mm (181.667±24.832 °C) MPa, Cycle 1/6.50 mm (175.000± 25.099 °C) 
MPa, Cycle 2/1.65mm (155.000±19.7484 °C) MPa, Cycle 2/3.25 mm (168.333±16.020 °C) 
MPa, Cycle 2/6.50 mm (138.333±7.5277 °C) MPa, Cycle 3 /1.65 mm (163.333±8.165 °C) MPa, 
Cycle 3/3.25 mm (151.667±7.527 °C) MPa and Cycle 3/6.50 mm (150.000±10.954 °C) MPa as 
shown in Table 218 and Figure  185-198. 
4.2.3.1.1 Effect of YZ core thickness on thermal shock of (HL) IPS e.max Ceram fired with 
three different firing cycles 
There were significant differences in the effect of  YZ core thickness on Hand Layered 
(HL) IPS e.max Ceram thermal shock resistance fired using different firing cycles(Table 220, 
Table 221). The null hypothesis that there is no effect of YZ core thickness was rejected (Figure 
189, Figure 191). 
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4.2.3.1.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 40 °C/ 
Min, Hold Time 1 Minute) 
 
Figure 185: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 
Minute) 
 
 
Figure 186: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on three different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold 
Time 1 Minute)  
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4.2.3.1.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 30 °C/ 
Min, Hold Time 2 Minute) 
 
 
Figure 187 : Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 
Minute) 
 
 
Figure 188: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on three different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold 
Time 2 Minute) 
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4.2.3.1.1.3 Effect of three different YZ core thicknesses and firing cycle 3 (Heat Rate 30 °C/ 
Min, Hold Time 3 Minute ) 
 
Figure 189: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 
Minute) 
 
Figure 190: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on three different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold 
Time 3 Minute) 
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4.2.3.1.2 Effect of firing cycle on thermal shock resistance of (HL) IPS e-max Ceram fired 
on three different YZ core thicknesses 
 
There were significant differences in the effect of firing cycles on Hand Layered (HL) IPS e.max 
Ceram thermal shock resistance fired on different YZ core thicknesses (Table 220, Table 221). 
The null hypothesis that there is no effect of YZ core thickness was rejected (Figure 193, Figure 
195). 
 
4.2.3.1.2.1 Effect of three different firing cycles and YZ Core Thickness 1.65mm 
 
Figure 191: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on  
YZ core thickness 1.65mm  with three different firing cycles 
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Figure 192: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on 1.65mm YZ core thickness with three different firing cycles 
4.2.3.1.2.2 Effect of YZ three different firing cycles and Core Thickness 3.25mm 
 
 
Figure 193: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on  
YZ core thickness 3.25mm  with three different firing cycles 
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Figure 194: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on 3.25mm YZ core thickness with three different firing cycles 
 
4.2.3.1.2.3 Effect of YZ three different firing cycles and Core Thickness 6.50mm 
 
 
Figure 195: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
YZ core thickness 6.50mm  with three different firing cycles 
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Figure 196: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on 6.50mm YZ core thickness with three different firing cycles 
 
 
 
 
4.2.3.1.2 Effect of all firing cycles 
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Figure 197: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses with three firing cycles 
 
Figure 198: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses and three firing cycles 
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Table 215: One way Anova Summary of Fit 
Rsquare 0.430676 
Adj Rsquare 0.329463 
Root Mean Square Error 16.44294 
Mean of Response 159.2593 
Observations (or Sum Wgts) 54 
 
Table 216: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
I.D 8 9203.704 1150.46 4.2551 0.0007* 
Error 45 12166.667 270.37   
C. Total 53 21370.370    
 
 
 
Table 217: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL, 1.65mm, Cycle 1 6 150.000 6.7128 136.48 163.52 
HL, 1.65mm, Cycle 2 6 155.000 6.7128 141.48 168.52 
HL, 1.65mm, Cycle 3 6 163.333 6.7128 149.81 176.85 
HL, 3.25mm, Cycle 1 6 181.667 6.7128 168.15 195.19 
HL, 3.25mm, Cycle 2 6 168.333 6.7128 154.81 181.85 
HL, 3.25mm, Cycle 3 6 151.667 6.7128 138.15 165.19 
HL, 6.50mm, Cycle 1 6 175.000 6.7128 161.48 188.52 
HL, 6.50mm, Cycle 2 6 138.333 6.7128 124.81 151.85 
HL, 6.50mm, Cycle 3 6 150.000 6.7128 136.48 163.52 
Std Error uses a pooled estimate of error variance 
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Table 218: Means and Standard Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
HL, 1.65mm, Cycle 
1 
6 150.000 15.4919 6.325 133.74 166.26 
HL, 1.65mm, Cycle 
2 
6 155.000 19.7484 8.062 134.28 175.72 
HL, 1.65mm, Cycle 
3 
6 163.333 8.1650 3.333 154.76 171.90 
HL, 3.25mm, Cycle 
1 
6 181.667 24.8328 10.138 155.61 207.73 
HL, 3.25mm, Cycle 
2 
6 168.333 16.0208 6.540 151.52 185.15 
HL, 3.25mm, Cycle 
3 
6 151.667 7.5277 3.073 143.77 159.57 
HL, 6.50mm, Cycle 
1 
6 175.000 25.0998 10.247 148.66 201.34 
HL, 6.50mm, Cycle 
2 
6 138.333 7.5277 3.073 130.43 146.23 
HL, 6.50mm, Cycle 
3 
6 150.000 10.9545 4.472 138.50 161.50 
 
Table 219: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 220: Connecting Letters Report 
Level    Mean 
HL, 3.25mm, Cycle 1 A   181.66667 
HL, 6.50mm, Cycle 1 A B  175.00000 
HL, 3.25mm, Cycle 2 A B C 168.33333 
HL, 1.65mm, Cycle 3 A B C 163.33333 
HL, 1.65mm, Cycle 2 A B C 155.00000 
HL, 3.25mm, Cycle 3 A B C 151.66667 
HL, 1.65mm, Cycle 1  B C 150.00000 
HL, 6.50mm, Cycle 3  B C 150.00000 
HL, 6.50mm, Cycle 2   C 138.33333 
Levels not connected by same letter are significantly different 
 
Table 221: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
43.33333 9.493337 12.4122 74.25451 0.0012* 
HL, 6.50mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
36.66667 9.493337 5.7455 67.58784 0.0098* 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 1 
31.66667 9.493337 0.7455 62.58784 0.0410* 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
31.66667 9.493337 0.7455 62.58784 0.0410* 
HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
30.00000 9.493337  -0.9212 60.92117 0.0635 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
30.00000 9.493337  -0.9212 60.92117 0.0635 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
26.66667 9.493337  -4.2545 57.58784 0.1412 
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HL, 6.50mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 1 
25.00000 9.493337  -5.9212 55.92117 0.2019 
HL, 6.50mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 3 
25.00000 9.493337  -5.9212 55.92117 0.2019 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
25.00000 9.493337  -5.9212 55.92117 0.2019 
HL, 6.50mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 3 
23.33333 9.493337  -7.5878 54.25451 0.2795 
HL, 6.50mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 2 
20.00000 9.493337  -10.9212 50.92117 0.4818 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
18.33333 9.493337  -12.5878 49.25451 0.5967 
HL, 3.25mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
18.33333 9.493337  -12.5878 49.25451 0.5967 
HL, 3.25mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 3 
18.33333 9.493337  -12.5878 49.25451 0.5967 
HL, 3.25mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
16.66667 9.493337  -14.2545 47.58784 0.7096 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 2 
16.66667 9.493337  -14.2545 47.58784 0.7096 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 2 
13.33333 9.493337  -17.5878 44.25451 0.8902 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
13.33333 9.493337  -17.5878 44.25451 0.8902 
HL, 1.65mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
13.33333 9.493337  -17.5878 44.25451 0.8902 
HL, 3.25mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 2 
13.33333 9.493337  -17.5878 44.25451 0.8902 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
13.33333 9.493337  -17.5878 44.25451 0.8902 
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HL, 1.65mm, 
Cycle 3 
HL, 3.25mm, 
Cycle 3 
11.66667 9.493337  -19.2545 42.58784 0.9456 
HL, 6.50mm, 
Cycle 1 
HL, 1.65mm, 
Cycle 3 
11.66667 9.493337  -19.2545 42.58784 0.9456 
HL, 1.65mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 2 
11.66667 9.493337  -19.2545 42.58784 0.9456 
HL, 6.50mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 2 
11.66667 9.493337  -19.2545 42.58784 0.9456 
HL, 1.65mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 2 
8.33333 9.493337  -22.5878 39.25451 0.9931 
HL, 3.25mm, 
Cycle 1 
HL, 6.50mm, 
Cycle 1 
6.66667 9.493337  -24.2545 37.58784 0.9985 
HL, 6.50mm, 
Cycle 1 
HL, 3.25mm, 
Cycle 2 
6.66667 9.493337  -24.2545 37.58784 0.9985 
HL, 3.25mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 3 
5.00000 9.493337  -25.9212 35.92117 0.9998 
HL, 1.65mm, 
Cycle 2 
HL, 1.65mm, 
Cycle 1 
5.00000 9.493337  -25.9212 35.92117 0.9998 
HL, 1.65mm, 
Cycle 2 
HL, 6.50mm, 
Cycle 3 
5.00000 9.493337  -25.9212 35.92117 0.9998 
HL, 1.65mm, 
Cycle 2 
HL, 3.25mm, 
Cycle 3 
3.33333 9.493337  -27.5878 34.25451 1.0000 
HL, 3.25mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
1.66667 9.493337  -29.2545 32.58784 1.0000 
HL, 3.25mm, 
Cycle 3 
HL, 6.50mm, 
Cycle 3 
1.66667 9.493337  -29.2545 32.58784 1.0000 
HL, 6.50mm, 
Cycle 3 
HL, 1.65mm, 
Cycle 1 
0.00000 9.493337  -30.9212 30.92117 1.0000 
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Figure 199: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on three different YZ core thicknesses with three different  firing cycles 
 
 
4.2.3.2 Effect of YZ core thickness and firing cycle on thermal shock resistance of Pressed 
(PR) IPS E-max Ceram  
 
The mean thermal shock resistance values (°C) for Pressed porcelain veneer IPS e.max 
Ceram fired under three firing cycles (Cycle 1, 2 and 3) and three YZ thickness (1.65 mm, 3.25 
mm and 6.50 mm) on VITA VM9  were as follows: Cycle 1 /1.65 mm (166.667±20.655 °C) , 
Cycle 1/3.25 mm (141.667±30.605 °C) , Cycle 1/6.50 mm (150.000± 30.9839 °C), Cycle 
2/1.65mm (196.667±12.110 °C) MPa, Cycle 2/3.25 mm (198.333±33.714 °C), Cycle 2/6.50 mm 
(131.667±38.166 °C), Cycle 3 /1.65 mm (200.000±12.649 °C), Cycle 3/3.25 mm 
(201.667±28.577 °C), Cycle 3/6.50 mm (215.000±20.736 °C) as shown in Table 225 and Figure 
200-214. 
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4.2.3.2.1 Effect of YZ core thickness on thermal shock of (PR) IPS E-max Ceram fired 
using three different firing cycles 
There were significant differences in the effect of  YZ core thickness on Pressed (PR) IPS 
e.max Ceram thermal shock resistance fired with different firing cycles (Table 238, Table 239). 
The null hypothesis that there is no effect from the firing YZ core thickness was accepted. 
 
4.2.3.2.1.1 Effect of three different YZ core thicknesses and firing cycle 1 (Heat Rate 40 °C/ 
Min, Hold Time 1 Minute) 
 
 
Figure 200: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 Minute) 
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Figure 201: Statistical analysis for Pressed (PR) IPS E-max Ceram  thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 
Minute) 
4.2.3.2.1.2 Effect of three different YZ core thicknesses and firing cycle 2 (Heat Rate 30 °C/ 
Min, Hold Time 2 Minute) 
 
Figure 202: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 Minute) 
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Figure 203 :Statistical analysis for Pressed (PR) IPS E-max Ceram  thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 
Minute) 
4.2.3.2.1.3 Effect of three different YZ core thicknesses and firing cycle 3 (Heat Rate 30 °C/ 
Min, Hold Time 3 Minute) 
 
Figure 204: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on three 
different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minute) 
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Figure 205: Statistical analysis for Pressed (PR) IPS E-max Ceram  thermal shock resistance on 
three different YZ core thicknesses  and firing cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 
Minute) 
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There were significant differences in the effect of  firing cycles on Pressed (PR) IPS 
e.max Ceram thermal shock resistance fired on different YZ core thicknesses, the values of cycle 
3 are significantly higher (Table 227, Table 228).  The null hypothesis that there is no effect of 
firing cycle was rejected (Figure 206-2011). 
4.2.3.2.2.1 Effect of three different firing cycles with YZ Core Thickness 1.65mm 
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Figure 206: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on YZ 
core thickness 1.65mm and three different firing cycles 
 
Figure 207: Statistical analysis for Pressed (PR) IPS E-max Ceram thermal shock resistance on 
1.65mm YZ core thickness and three different firing cycles 
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4.2.3.2.2.2 Effect of three different firing cycles and YZ Core Thickness 3.25mm 
 
 
Figure 208:  Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on YZ 
core thickness 3.25mm and three different firing cycles 
 
 
Figure 209:  Statistical analysis for Pressed (PR) IPS E-max Ceram thermal shock resistance on 
3.25mm YZ core thickness and three different firing cycles 
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4.2.3.2.2.3 Effect of three different firing cycles and YZ Core Thickness 6.50mm 
 
Figure 210:  Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on YZ 
core thickness 6.50mm and three different firing cycles 
 
Figure 211: Statistical analysis for Pressed (PR) IPS E-max Ceram thermal shock resistance on 
6.50mm YZ core thickness and three different firing cycles 
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4.2.3.2.3 Effect of all firing cycles 
 
 
Figure 212: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on three 
different YZ core thicknesses and three firing cycles 
 
 
Figure 213: Mean values of Pressed (PR) IPS E-max Ceram thermal shock resistance on three 
different YZ core thicknesses and three firing cycles 
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Table 222: One way Anova Summary of Fit 
Rsquare 0.583526 
Adj Rsquare 0.509486 
Root Mean Square Error 26.8121 
Mean of Response 177.963 
Observations (or Sum Wgts) 54 
 
Table 223: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
I.D 8 45325.926 5665.74 7.8812 <.0001* 
Error 45 32350.000 718.89   
C. Total 53 77675.926    
 
 
Table 224: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
PR, 1.65mm, Cycle 1 6 166.667 10.946 144.62 188.71 
PR, 1.65mm, Cycle 2 6 196.667 10.946 174.62 218.71 
PR, 1.65mm, Cycle 3 6 200.000 10.946 177.95 222.05 
PR, 3.25mm, Cycle 1 6 141.667 10.946 119.62 163.71 
PR, 3.25mm, Cycle 2 6 198.333 10.946 176.29 220.38 
PR, 3.25mm, Cycle 3 6 201.667 10.946 179.62 223.71 
PR, 6.50mm, Cycle 1 6 150.000 10.946 127.95 172.05 
PR, 6.50mm, Cycle 2 6 131.667 10.946 109.62 153.71 
PR, 6.50mm, Cycle 3 6 215.000 10.946 192.95 237.05 
 
Std Error uses a pooled estimate of error variance. 
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Table 225: Means and Standard Deviations 
Level Number Mean Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
PR, 1.65mm, Cycle 
1 
6 166.667 20.6559 8.433 144.99 188.34 
PR, 1.65mm, Cycle 
2 
6 196.667 12.1106 4.944 183.96 209.38 
PR, 1.65mm, Cycle 
3 
6 200.000 12.6491 5.164 186.73 213.27 
PR, 3.25mm, Cycle 
1 
6 141.667 30.6050 12.494 109.55 173.78 
PR, 3.25mm, Cycle 
2 
6 198.333 33.7145 13.764 162.95 233.71 
PR, 3.25mm, Cycle 
3 
6 201.667 28.5774 11.667 171.68 231.66 
PR, 6.50mm, Cycle 
1 
6 150.000 30.9839 12.649 117.48 182.52 
PR, 6.50mm, Cycle 
2 
6 131.667 38.1663 15.581 91.61 171.72 
PR, 6.50mm, Cycle 
3 
6 215.000 20.7364 8.466 193.24 236.76 
 
Table 226: Confidence Quantile 
q* Alpha 
3.25714 0.05 
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Table 227: Connecting Letters Report 
Level    Mean 
PR, 6.50mm, Cycle 3 A   215.00000 
PR, 3.25mm, Cycle 3 A   201.66667 
PR, 1.65mm, Cycle 3 A B  200.00000 
PR, 3.25mm, Cycle 2 A B  198.33333 
PR, 1.65mm, Cycle 2 A B  196.66667 
PR, 1.65mm, Cycle 1 A B C 166.66667 
PR, 6.50mm, Cycle 1  B C 150.00000 
PR, 3.25mm, Cycle 1   C 141.66667 
PR, 6.50mm, Cycle 2   C 131.66667 
Levels not connected by same letter are significantly different 
 
Table 228: Ordered Differences Report 
Level  - Level Difference Std Err 
Dif 
Lower 
CL 
Upper 
CL 
p-
Value 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
83.33333 15.47998 32.9128 133.7538 <.0001* 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
73.33333 15.47998 22.9128 123.7538 0.0007* 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
70.00000 15.47998 19.5795 120.4205 0.0014* 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 2 
68.33333 15.47998 17.9128 118.7538 0.0019* 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
66.66667 15.47998 16.2462 117.0872 0.0026* 
PR, 6.50mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
65.00000 15.47998 14.5795 115.4205 0.0036* 
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PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 2 
65.00000 15.47998 14.5795 115.4205 0.0036* 
PR, 3.25mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
60.00000 15.47998 9.5795 110.4205 0.0094* 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 1 
58.33333 15.47998 7.9128 108.7538 0.0128* 
PR, 3.25mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 1 
56.66667 15.47998 6.2462 107.0872 0.0173* 
PR, 1.65mm, 
Cycle 2 
PR, 3.25mm, 
Cycle 1 
55.00000 15.47998 4.5795 105.4205 0.0232* 
PR, 3.25mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
51.66667 15.47998 1.2462 102.0872 0.0408* 
PR, 1.65mm, 
Cycle 3 
PR, 6.50mm, 
Cycle 1 
50.00000 15.47998  -0.4205 100.4205 0.0535 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
48.33333 15.47998  -2.0872 98.7538 0.0695 
PR, 3.25mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
48.33333 15.47998  -2.0872 98.7538 0.0695 
PR, 1.65mm, 
Cycle 2 
PR, 6.50mm, 
Cycle 1 
46.66667 15.47998  -3.7538 97.0872 0.0895 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
35.00000 15.47998  -15.4205 85.4205 0.3864 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
35.00000 15.47998  -15.4205 85.4205 0.3864 
PR, 1.65mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 1 
33.33333 15.47998  -17.0872 83.7538 0.4521 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
31.66667 15.47998  -18.7538 82.0872 0.5214 
PR, 1.65mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 1 
30.00000 15.47998  -20.4205 80.4205 0.5923 
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PR, 1.65mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 1 
25.00000 15.47998  -25.4205 75.4205 0.7917 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
18.33333 15.47998  -32.0872 68.7538 0.9558 
PR, 6.50mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
18.33333 15.47998  -32.0872 68.7538 0.9558 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
16.66667 15.47998  -33.7538 67.0872 0.9747 
PR, 1.65mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 1 
16.66667 15.47998  -33.7538 67.0872 0.9747 
PR, 6.50mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 3 
15.00000 15.47998  -35.4205 65.4205 0.9869 
PR, 6.50mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 3 
13.33333 15.47998  -37.0872 63.7538 0.9939 
PR, 3.25mm, 
Cycle 1 
PR, 6.50mm, 
Cycle 2 
10.00000 15.47998  -40.4205 60.4205 0.9992 
PR, 6.50mm, 
Cycle 1 
PR, 3.25mm, 
Cycle 1 
8.33333 15.47998  -42.0872 58.7538 0.9998 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
5.00000 15.47998  -45.4205 55.4205 1.0000 
PR, 1.65mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 2 
3.33333 15.47998  -47.0872 53.7538 1.0000 
PR, 3.25mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
3.33333 15.47998  -47.0872 53.7538 1.0000 
PR, 3.25mm, 
Cycle 2 
PR, 1.65mm, 
Cycle 2 
1.66667 15.47998  -48.7538 52.0872 1.0000 
PR, 3.25mm, 
Cycle 3 
PR, 1.65mm, 
Cycle 3 
1.66667 15.47998  -48.7538 52.0872 1.0000 
PR, 1.65mm, 
Cycle 3 
PR, 3.25mm, 
Cycle 2 
1.66667 15.47998  -48.7538 52.0872 1.0000 
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Figure 214: Statistical analysis for Hand Layered (HL) IPS E-max Ceram thermal shock 
resistance on three different YZ core thicknesses and three different firing cycles 
 
 
4.2.3.3 Effect of veneering technique  
4.2.3.3.1 Effect of Veneering technique and firing cycles on thermal shock resistance of IPS 
E-max Ceram fired on three different YZ core thicknesses 
 
4.2.3.3.1.1 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 1(Heat Rate 40 °C/ Min, Hold Time 1 Minute) 
 
Pooling the thermal shock resistance data by veneering technique, one learns that there 
were no significant differences in the effects of different veneering techniques on IPS e-max 
Ceram thermal shock resistance values when fired on firing Cycle 1 using three different YZ 
core thicknesses (Figure 215-216) .  
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The null hypothesis that there is no effect of veneering technique on the flexural strength 
is accepted (Table 235,Table 236) . 
 
Figure 215:  Mean values of IPS E-max Ceram thermal shock resistance on firing Cycle 1, three 
different YZ core thicknesses, and two veneering techniques 
  
 Detailed statistical analysis of the effect of different YZ core thicknesses and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below in Tables 229 to 235.  
 
 
Table 229: Summary of Fit 
Rsquare 0.087577 
Adj Rsquare 0.060741 
Root Mean Square Error 26.75537 
Mean of Response 160.8333 
Observations (or Sum Wgts) 36 
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Table 230: t Test 
Difference  -16.111 t Ratio  -1.80649 
Std Err Dif 8.918 DF 34 
Upper CL Dif 2.013 Prob > |t| 0.0797 
Lower CL Dif  -34.236 Prob > t 0.9602 
Confidence 0.95 Prob < t 0.0398* 
 
Table 231: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 2336.111 2336.11 3.2634 0.0797 
Error 34 24338.889 715.85   
C. Total 35 26675.000    
 
Table 232: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 168.889 6.3063 156.07 181.70 
PR 18 152.778 6.3063 139.96 165.59 
 
Std Error uses a pooled estimate of error variance. 
 
Table 233: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 168.889 25.1791 5.9348 156.37 181.41 
PR 18 152.778 28.2438 6.6571 138.73 166.82 
 
Table 234: Confidence Quantile 
q* Alpha 
2.03226 0.05 
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Table 235: Connecting Letters Report 
Level  Mean 
HL A 168.88889 
PR A 152.77778 
Levels not connected by same letter are significantly different. 
 
Table 236: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
HL PR 16.11111 8.918456  -2.01351 34.23573 0.0797 
 
 
Figure 216:  Statistical analysis for IPS E-max Ceram thermal shock resistance on firing Cycle 1 
with three different YZ core thicknesses and two different veneering techniques 
 
4.2.3.3.1.2 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 2 (Heat Rate 30 °C/ Min, Hold Time 2 Minutes) 
 
Pooling the thermal shock resistance data by veneering technique shows that there were 
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thermal shock resistance values, fired on firing cycle 2 using three different YZ core thicknesses 
(Figure 217-218) .  
The null hypothesis that there is no effect of veneering technique on the flexural strength 
is accepted (Table2 43, Table 244) . 
 
Figure 217: Mean values of IPS E-max Ceram thermal shock resistance on firing cycle 2, three 
different YZ core thicknesses, and two veneering techniques 
      Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITAVM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 237 to 244) 
Table 237: Summary of Fit 
Rsquare 0.101814 
Adj Rsquare 0.075397 
Root Mean Square Error 33.10954 
Mean of Response 164.7222 
Observations (or Sum Wgts) 36 
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Table 238: t Test 
Difference  21.667 t Ratio 1.96318 
Std Err Dif 11.037 DF 34 
Upper CL Dif 44.096 Prob > |t| 0.0578 
Lower CL Dif  -0.762 Prob > t 0.0289* 
Confidence 0.95 Prob < t 0.9711 
 
Table 239: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 4225.000 4225.00 3.8541 0.0578 
Error 34 37272.222 1096.24   
C. Total 35 41497.222    
 
Table 240: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 153.889 7.8040 138.03 169.75 
PR 18 175.556 7.8040 159.70 191.42 
 
Std Error uses a pooled estimate of error variance 
 
Table 241: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 153.889 19.1400 4.511 144.37 163.41 
PR 18 175.556 42.7334 10.072 154.30 196.81 
 
Table 242: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
 
 
 248 
Table 243: Connecting Letters Report 
Level  Mean 
PR A 175.55556 
HL A 153.88889 
Levels not connected by same letter are significantly different. 
Table 244: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 21.66667 11.03651  -0.762398 44.09573 0.0578 
 
 
 
Figure 218: Statistical analysis for IPS E-max Ceram thermal shock resistance on firing cycle 
2,three different YZ core thicknesses and two different veneering techniques 
 
4.2.3.3.1.3 Effect of veneering technique, three different YZ core thicknesses and firing 
cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minutes  
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Pooling the thermal shock resistance data by veneering technique indicates that there 
were significant differences in the effects of different veneering techniques on IPS e-max Ceram 
thermal shock resistance values, fired on firing cycle 3 using three different YZ core thicknesses 
(219-220) .  
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
is accepted (Table 251, Table 252) . Thermal shock resistance values of (PR) IPS e-max Ceram 
were significantly higher.  
 
 
 
 
 
Figure 219: Mean values of IPS E-max Ceram thermal shock resistance on firing Cycle 3, three 
different YZ core thicknesses and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
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material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 245 to 252) 
 
Table 245: Summary of Fit 
Rsquare 0.703509 
Adj Rsquare 0.694788 
Root Mean Square Error 16.88581 
Mean of Response 180.2778 
Observations (or Sum Wgts) 36 
 
Table 246: t Test 
Difference  50.5556 t Ratio 8.981898 
Std Err Dif 5.6286 DF 34 
Upper CL Dif 61.9943 Prob > |t| <.0001* 
Lower CL Dif 39.1169 Prob > t <.0001* 
Confidence 0.95 Prob < t 1.0000 
 
Table 247: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 23002.778 23002.8 80.6745 <.0001* 
Error 34 9694.444 285.1   
C. Total 35 32697.222    
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Table 248: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 155.000 3.9800 146.91 163.09 
PR 18 205.556 3.9800 197.47 213.64 
 
Std Error uses a pooled estimate of error variance 
 
Table 249: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 155.000 10.4319 2.4588 149.81 160.19 
PR 18 205.556 21.4811 5.0631 194.87 216.24 
 
Table 250: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 251: Connecting Letters Report 
Level   Mean 
PR A  205.55556 
HL  B 155.00000 
Levels not connected by same letter are significantly different. 
 
Table 252: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 50.55556 5.628605 39.11677 61.99434 <.0001*  
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Figure 220: Statistical analysis for IPS E-max Ceram thermal shock resistance on firing Cycle 3, 
three different YZ core thicknesses and two different veneering techniques 
 
 
4.2.3.3.2 Effect of veneering technique, YZ core thickness on thermal shock resistance of 
IPS E-max Ceram fired using three different firing cycles  
4.2.3.3.2.1 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 1.65mm 
 
 
Pooling the thermal shock resistance data by veneering technique reveals that there were 
significant differences in the effects of different veneering techniques on IPS e.max Ceram 
thermal shock resistance values, fired on YZ core thickness 1.65mm using three different firing 
cycles (Table 259, Table 260) .  
 
The null hypothesis that there is no effect of veneering technique on the flexural strength 
is rejected (Figure 221-222). Thermal shock resistance values of (PR) IPS e-max Ceram were 
significantly higher.  
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Figure 221: Mean values of IPS E-max Ceram thermal shock resistance on YZ core thickness 
1.65mm, three different firing cycles and two veneering techniques 
 
  Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 253 to 260)   
 
 
Table 253: Summary of Fit 
Rsquare 0.434649 
Adj Rsquare 0.418021 
Root Mean Square Error 18.58121 
Mean of Response 171.9444 
Observations (or Sum Wgts) 36 
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Table 254: t Test 
Difference 31.6667 t Ratio 5.112691 
Std Err Dif 6.1937 DF 34 
Upper CL Dif 44.2539 Prob > |t| <.0001* 
Lower CL Dif 19.0795 Prob > t <.0001* 
Confidence 0.95 Prob < t 1.0000 
 
Table 255: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 9025.000 9025.00 26.1396 <.0001* 
Error 34 11738.889 345.26   
C. Total 35 20763.889    
 
Table 256: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 156.111 4.3796 147.21 165.01 
PR 18 187.778 4.3796 178.88 196.68 
Std Error uses a pooled estimate of error variance. 
 
Table 257: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 156.111 15.3925 3.6280 148.46 163.77 
PR 18 187.778 21.2978 5.0199 177.19 198.37 
 
Table 258: Confidence Quantile 
q* Alpha 
2.03226 0.05 
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Table 259: Connecting Letters Report 
Level   Mean 
PR A  187.77778 
HL  B 156.11111 
 
Levels not connected by same letter are significantly different. 
 
Table 260: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 31.66667 6.193737 19.07938 44.25395 <.0001*  
 
 
Figure 222: Statistical analysis for IPS E-max Ceram thermal shock resistance on t YZ core 
thickness1.65mm, three different firing cycles and two different veneering techniques 
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4.2.3.3.2.2 Effect of veneering technique, three different firing cycles and YZ Core 
thickness 3.25mm 
 
 
Pooling the thermal shock resistance data by veneering technique indicates that there 
were no significant differences in the effects of different veneering techniques on IPS e.max 
Ceram thermal shock resistance values when fired on YZ core thickness 3.25mm using three 
different firing cycles (Table 267, Table 268) .  
 
The null hypothesis that there is no effect of veneering technique on the thermal shock resistance 
was accepted (223-224) .  
 
Figure 223:  Mean values of IPS E-max Ceram thermal shock resistance on YZ core thickness 
3.25mm, three different firing cycles and two veneering techniques 
 
Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 261 to 268) 
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Table 261: Summary of Fit 
Rsquare 0.043178 
Adj Rsquare 0.015037 
Root Mean Square Error 32.29258 
Mean of Response 173.8889 
Observations (or Sum Wgts) 36 
 
Table 262: t Test 
Difference 13.333 t Ratio 1.238675 
Std Err Dif 10.764 DF 34 
Upper CL Dif 35.209 Prob > |t| 0.2239 
Lower CL Dif  -8.542 Prob > t 0.1120 
Confidence 0.95 Prob < t 0.8880 
 
Table 263: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 1600.000 1600.00 1.5343 0.2239 
Error 34 35455.556 1042.81   
C. Total 35 37055.556    
 
Table 264: Means for One way Anova 
Level Number Mean Std Error Lower 95% Upper 95% 
HL 18 167.222 7.6114 151.75 182.69 
PR 18 180.556 7.6114 165.09 196.02 
Std Error uses a pooled estimate of error variance. 
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Table 265: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 167.222 20.8088 4.9047 156.87 177.57 
PR 18 180.556 40.6524 9.5819 160.34 200.77 
 
Table 266: Confidence Quantile 
q* Alpha 
2.03226 0.05 
 
Table 267: Connecting Letters Report 
Level  Mean 
PR A 180.55556 
HL A 167.22222 
Levels not connected by same letter are significantly different 
Table 268: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value  
PR HL 13.33333 10.76419  -8.54230 35.20897 0.2239  
 
 
Figure 224: Statistical analysis for IPS E-max Ceram thermal shock resistance on t YZ core 
thickness 3.25mm, three different firing cycles, and two different veneering techniques 
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4.2.3.3.2.3 Effect of veneering technique, three different firing cycles and YZ Core 
thickness6.50mm 
 
 
Pooling the thermal shock resistance data by veneering technique shows that there were 
no significant differences in the effects of different veneering techniques on IPS e.max Ceram 
thermal shock resistance values when fired on YZ core thickness 6.50mm using three different 
firing cycles(Table 275, Table 276) .  
 
The null hypothesis that there is no effect of veneering technique on the thermal shock 
resistance was accepted (Figure 225-226).  
 
 
 
Figure 225:  Mean values of IPS E-max Ceram thermal shock resistance on YZ core thickness 
6.50mm, three different firing cycles and two veneering techniques 
 
       Detailed statistical analysis of the effect of different YZ core thickness and veneering 
material firing cycles on VITA VM9 strength, including mean flexural strength, standard 
deviation, one way ANOVA and Tukey HSD are described below (Tables 269 to 276)   
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Table 269: Summary of Fit 
Rsquare 0.023844 
Adj Rsquare  -0.00487 
Root Mean Square Error 36.57743 
Mean of Response 160 
Observations (or Sum Wgts) 36 
Table 270: t Test 
Difference 11.111 t Ratio 0.911309 
Std Err Dif 12.192 DF 34 
Upper CL Dif 35.889 Prob > |t| 0.3685 
Lower CL Dif  -13.667 Prob > t 0.1843 
Confidence 0.95 Prob < t 0.8157 
Table 271: Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Veneer Technique 1 1111.111 1111.11 0.8305 0.3685 
Error 34 45488.889 1337.91   
C. Total 35 46600.000    
 
Table 272: Means for One way Anova 
Level Number  Mean Std Error Lower 95% Upper 95% 
HL 18 154.444 8.6214 136.92 171.97 
PR 18 165.556 8.6214 148.03 183.08 
Std Error uses a pooled estimate of error variance. 
 
Table 273: Means and Standard Deviations 
Level Number Mean Std Dev Std Err Mean Lower 95% Upper 95% 
HL 18 154.444 22.0220 5.191 143.49 165.40 
PR 18 165.556 46.8065 11.032 142.28 188.83 
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Table 274: Confidence Quantile 
q*  Alpha 
2.03226 0.05 
 
Table 275: Connecting Letters Report 
Level   Mean 
PR A 165.55556 
HL A 154.44444 
Levels not connected by same letter are significantly different. 
Table 276: Ordered Differences Report 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PR HL 11.11111 12.19248  -13.6672 35.88939 0.3685 
 
 
Figure 226: Statistical analysis for IPS E-max Ceram thermal shock resistance on YZ core 
thickness 6.50mm, three different firing cycles and two different veneering techniques 
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Figure 227: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses, three firing cycles and two veneering techniques 
 
 
Figure 228: Mean values of Hand Layered (HL) IPS E-max Ceram thermal shock resistance on 
three different YZ core thicknesses, three firing cycles and two veneering techniques 
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Chapter 5 DISCUSSION 
 
 
Replacement of metal-based restorations is one of the main goals in dentistry. One of 
most promising non-metal based materials is Yttria-Tetragonal Zirconia Polycrystal (Y-TZP). Y-
TZP has proved to be an esthetic, very strong, and reliable material. The complex relationship 
between the intrinsic mechanical properties of veneering porcelain and zirconia is very important 
to understand in order to have successful bilayered restorations.  In addition to that, the nature of 
residual stress caused by the CTE mismatch and volume of shrinkage after sintering, externally 
applied loading stress, nature of the bond, nature of core surface treatment, and the presence and 
distribution of structural flow are factors that may affect the survival rate of porcelain –veneered-
to-zirconia restorations.  
 
5.1 Effect of Core Thickness and Firing Cycles on Flexural Strength of Porcelain Veneers:  
In the present study, three different thicknesses of In-Ceram YZ (1.65 mm, 3.25 mm and 
6.50 mm) were used with 2mm of porcelain veneer fabricated using two different techniques, 
Pressed (PR) and Hand Layered (HL) in each group.  
In pooling all (HL) and (PR) flexural strength values, for VITA VM9 porcelain, the 
highest flexural strength was the result of using 1.65mm YZ core thickness (146.10±23.08 MPa) 
while the lowest flexural strength was obtained using 6.50 mm YZ core thickness 
(140.91±27.501 MPa), although the difference was not statistically significant. For IPS e.max 
Ceram porcelain, the highest flexural strength was the result for 1.65mm YZ core thickness 
(125.27± 21.29 MPa), while the lowest flexural strength was obtained using 6.50 mm YZ core 
thickness (119.6± 24.04 MPa) Table277. The difference in this case was also not statistically 
significant. 
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Table 277: Flexural strength mean and standard deviation values pooled by YZ core thickness 
 VITA VM9 
(MPa) 
IPS e-max Ceram 
(MPa) 
YZ Core Thickness (mm) 1.65mm 146.10±23.08 125.27± 21.29 
3.25mm 145.78±26.53 128.30±17.72 
6.50mm 140.91±27.501 119.6± 24.04 
 
The purpose of this study was to evaluate the effect of different YZ core thicknesses on 
the mechanical properties of the veneering porcelain. The null hypothesis, that there is no 
difference in flexure strength of veneer porcelain with different zirconia core thicknesses, was 
accepted, since the results indicated that the mean flexural strength of the different groups 
(different core thicknesses) of veneer material were not statistically different. 
 
In the present study, three different firing cycles for each veneer material, recommended 
temperature “firing Cycle 1” and two cycles with a holding time above the recommended time 
with increments of 1 minute “firing Cycle 2 and firing Cycle 3”, were used with heating rates 
below the recommended rate (20°C/Min for VITA VM9 and 30 °C/Min for IPS e.max Ceram) 
in each group.  
 
 
In pooling all (HL) and (PR) flexural strength values, for VITA VM9 porcelain, the 
highest flexural strength was the result of using Cycle 2 (Heat Rate 20 °C/ Min, Hold Time 2 
Minutes) (154.34±22.11 MPa), while the lowest flexural strength was measured using Cycle 1 
(Heat Rate 55 °C/ Min, Hold Time 1 Minute) (127.42±26.62 MPa), and they were statistically 
significant.  For IPS e.max Ceram porcelain, the highest flexural strength was the result of using 
firing Cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minutes ) (129.47±24.50 MPa) while the 
lowest flexural strength was measured  using Cycle 1 (Heat Rate 40 °C/ Min, Hold Time 1 
Minute ) (120.38±20.58 MPa) but the differences were not statistically significantly different 
Table278. 
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Table 278:  Flexural strength mean and standard deviation values pooled by firing cycle 
 VITA VM9 
(MPa) 
IPS e-max Ceram 
(MPa) 
Firing Cycle Cycle 1 127.42±26.62 120.38±20.58 
Cycle 2 154.34±22.11 123.33±17.81 
Cycle 3 151.03±19.23 129.47±24.50 
 
 
The second purpose of this study was to evaluate the effect of firing cycle on the 
mechanical properties of the veneering porcelain. The null hypothesis, that there is no difference 
in flexure strength of veneer porcelain with different firing cycles, was rejected, as the results 
indicated that the mean flexural strength of the different groups (firing cycles) of veneer material 
were statistically different. 
 
In the literature some studies found a significant impact from the thickness of the YZ 
core and a slow heating rate firing cycle on the flexural strength of the porcelain It was 
correlated with CTE mismatch between the core and veneer materials. In this study the factor of 
CTE mismatch was eliminated by putting separating medium between the core material.  There 
was no mismatch between CTE of two different materials during the heating and cooling 
regimen.  Also, in this study the specimen surface temperatures were measured using an external 
thermocouple on the surface of the specimen. These readings were compare with the furnace 
programmed firing cycle. Using the manufacturer’s recommended firing cycle, firing Cycle 1, 
(faster heating rate, shorter holding time) there were noticeable differences in the surface 
temperature of the specimens of different YZ core thickness, the thinnest specimen (YZ core 
thickness 1.65mm) achieved the highest surface temperature at the firing cycle peak, and reached 
the optimum temperature at the beginning of the holding cycle , while the thickest specimen (YZ 
core thickness 6.50mm) reached the lowest temperature at the firing cycle peak, and reached the 
optimum temperature at the end of the holding time. Using modified firing Cycle 2 and 3 (slower 
heating rate, longer holding time), the differences between all different specimens’ surface 
temperatures were not noticeable, all specimens, regardless of YZ core thickness, reached 
optimum firing temperature at the beginning of the holding cycle.  
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 Due to the poor thermal conductivity of Y-TZP, the relationship between the thickness 
of Y-TZP and the thermal conductivity is reversed.  In firing Cycle 1(faster heating rate, short 
holding time) the porcelain discs fired on different YZ core thicknesses did not receive 
homogenous heat, the discs fired on thinner YZ core (1.65mm) received more heat, whereas the 
discs fired on thicker YZ core (3.25mm, 6.50mm) received less heat. Using firing Cycle 2 and 3 
(slower heating rate, longer holding time) the porcelain discs fired on different YZ core 
thicknesses received homogenous heat, which had an impact on the shrinkage, density and 
microstructure of the porcelain discs and ultimately had impact on the flexural strength. 
 
5.2 Effect of Veneering Technique on Flexural Strength of Porcelain Veneers 
In pooling all the values of (HL) VITA VM9 the result was (142.66±25.87) MPa which was 
lower than the (PR) VITA VM9 (145.87±25.56), but not by a statistically significant amount.  
For (HL) IPS e.max Ceram the result was 117.67±22.17, which was lower than (PR) e.max 
Ceram (131.13±18.20), by a statistically significant amount Table279. 
 
Table 279: Flexural strength mean and standard deviation values pooled by veneer technique 
 Vita Vm9 
(MPa) 
IPS e-max Ceram 
(MPa) 
Veneer Technique HL 140.67±28.52 117.67±22.17 
PR 147.86±22.10 131.13±18.20 
 
The third purpose of this study was to evaluate the effect of veneering technique on the 
mechanical properties of the veneering porcelain. The null hypothesis, that there is no difference 
in flexure strength of veneer porcelain using veneering techniques, was rejected, as the results 
indicated that the mean flexural strength of the different groups (veneering technique) of veneer 
material were statistically different. 
In Ju-Won OH’s study the fracture strength of veneering porcelain was highly affected by 
the veneering technique. The heat-pressed veneering technique gave higher fracture strength 
value than the conventional bilayered veneering technique.  Since the porosity in the ceramic 
prosthesis weakens the material's strength, the homogeneity of the heat-pressed porcelain 
 267 
materials increases the physical strength, and it less technique sensitive.  In this study there also 
was an influence of the veneering technique on flexural strength of the veneer porcelain.  The 
flexural strength values of Pressed (PR) porcelain were significantly higher than the values of the 
Hand Layered (HL) porcelain. 
 
5.3 Effect of Core Thickness on Thermal Shock Resistance (TSR) of Porcelain Veneers: 
 
 
In the present study, three different thicknesses of In-Ceram YZ (1.65 mm, 3.25 mm and 
6.50 mm) were used with 2mm of porcelain veneer fabricated using two different techniques 
Pressed (PR) and Hand Layered (HL) in each group.  
 
In pooling all (HL) and (PR) (TSR) values, for VITA VM9 porcelain, the highest TSR 
was the result of using 1.65mm YZ core thickness (180.00±19.12 °C) while the lowest TSR was 
of obtained using 6.50 mm YZ core thickness (148.06±41.39 °C), which also were statistically 
significant. For IPS e.max Ceram porcelain, the highest TSR was the result of using 1.65mm YZ 
core thickness (171.94± 24.36 °C), while the lowest TSR was measured using 6.50 mm YZ core 
thickness (160.00± 36.49 °C) but the difference was not statistically significant Table280. 
 
Table 280: Thermal shock resistance mean and standard deviation values pooled by YZ core 
thickness 
 VITA VM9 
(°C) 
IPS e-max Ceram 
(°C) 
YZ Core Thickness (mm) 1.65mm 180.00±19.12 171.94± 24.36 
3.25mm 177.22±35.34 173.89±32.54 
6.50mm 148.06±41.39 160.00± 36.49 
 
 
 
The purpose of this study was to evaluate the effect of different YZ core thicknesses on 
the mechanical properties of the veneering porcelain. The null hypothesis that there is no 
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difference in flexure strength of veneer porcelain with different zirconia core thicknesses was 
rejected, as the results indicated that the mean TSR of the different groups (different core 
thicknesses) of veneer material were statistically different. 
 
 
5.4 Effect of Firing Cycles on the TSR of Porcelain Veneers 
 
In the present study, three different firing cycles for each veneer material (Recommended 
Temperature) or “firing Cycle 1,” and two cycles with a holding time above the recommended 
time with increments of 1 minute, “firing Cycle 2 and firing Cycle 3”, were used with heating 
rates below the recommended rate (20°C/Min for VITA VM9 and 30 °C/Min for IPS e.max 
Ceram) in each group.  
 
In pooling all (HL) and (PR) TSR values for VITA VM9 porcelain, the highest TSR was 
the result of using Cycle 3 (Heat Rate 20 °C/ Min, Hold Time 3 Minutes ) (173.61±49.00°C)  
while the lowest TSR was from using Cycle 1 (Heat Rate 55 °C/ Min, Hold Time 1 Minute ) 
(163.06±26.49°C) , and they were  statistically significant.  For IPS e.max Ceram porcelain, the 
highest TSR was the result of using firing Cycle 3 (Heat Rate 30 °C/ Min, Hold Time 3 Minute ) 
(180.28±30.56 °C) while the lowest TSR was obtained using Cycle 1 (Heat Rate 40 °C/ Min, 
Hold Time 1 Minute ) (160.83±27.61 °C) but the difference was not statistically significant 
Table281. 
 
Table 281: Thermal shock resistance mean and standard deviation values pooled by firing cycle 
 VITA VM9 
(°C) 
IPS e-max Ceram 
(°C) 
Firing Cycle Cycle 1 163.06±26.49 160.83±27.61 
Cycle 2 168.61±28.50 164.72±34.43 
Cycle 3 173.61±49.00 180.28±30.56 
 
 
The second purpose of this study was to evaluate the effect of firing cycle on the 
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mechanical properties of the veneering porcelain. The null hypothesis, that there is no difference 
in flexure strength of veneer porcelain with different zirconia core thicknesses, was rejected, as 
the results indicated that the mean TSR of the different groups (firing cycles) of veneer material 
were statistically different. 
Crazing in dental porcelains is one the common mode of failure in bilayered restorations. 
Crazing can occur from stresses within the components of the porcelain layer during firing and 
cooling. But thermal mismatch between the core and the veneering layer is the main factor.55 
Thermal compatibility at the interface is one of the main contributors to the overall 
success of bilayered materials. Thermal mismatch between the core and the veneering materials 
can lead to residual stresses and then failure in normal or abnormal occlusal loads.56  
Ceramics, as mentioned before, are brittle in nature and have more resistance to compressive 
forces than tensile forces. A large difference in the coefficient of thermal expansion between the 
core material and the veneering porcelain can generate excessive amount of transient stresses 
that lead to an instantaneous cracks during cooling from the porcelain firing temperature 56. If the 
stresses didn’t cause an immediate cracking, that stress might increase to the failure level when 
more stresses are applied.57  
One of the tests that have been used to evaluate the effect of thermal mismatch in bilayered 
materials is the thermal shock test. 55,56,57,58 The thermal shock test is designed to generate 
increments of transient stresses that unite with residual stresses to cause porcelain failure 57. In 
this study combining the increase of YZ core thickness and using faster heat rate and shorter 
holding time firing cycles had a negative influence on the thermal shock resistance of the 
veneering porcelain, due to the poor thermal conductivity of Y-TZP.  
 
5.5 Effect of Veneering Technique on TSR of Porcelain Veneers 
In pooling all the (HL) values of VITA VM9 the result obtained was (153.70±39.11 °C), which 
was lower than the (PR) VITA VM9 (183.15±25.54 °C), by a statistically significant amount. 
For (HL) IPS e.max Ceram the result was 159.26±20.08, which was lower than the (PR) e.max 
Ceram value (177.96±38.28), and was also statistically significant Table282. 
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Table 282: Thermal shock resistance mean and standard deviation values pooled by veneer 
technique 
 VITA VM9 
(°C) 
IPS e-max Ceram 
(°C) 
Veneer Technique HL 153.70±39.11 159.26±20.08 
PR 183.15±25.54 177.96±38.28 
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Chapter 6 CONCLUSIONS 
 
Within the limitations of this study, the following conclusions were drawn,  
 
 
6.1 Flexural strength test 
-There was no significant difference (P>0.05) in flexural strength between the three (HL)VITA 
VM9 groups of different YZ core thicknesses. 
-There was significant difference (P>0.05) in flexural strength between the three (HL) VITA 
VM9 groups of different firing cycles.  Firing (HL) VITA VM9 on 6.50mm YZ core thickness 
with firing Cycle 1 caused significantly the lowest effect on the flexural strength values among 
all the groups 
-Pooling the data by variable “YZ core thickness,” regardless of firing cycle, there was no 
statistically significant difference in (HL)VITA VM9 flexural strength between effects of all the 
three firing cycles. 
-Pooling the data by variable “firing cycle” regardless of YZ core thickness, Cycle 1 caused the 
lowest effect on the flexural strength values of (HL) VITA VM9 and it was statistically 
significant. 
-No significant difference (P>0.05) on flexural strength between the three (PR)VITA VM9 
groups of different YZ core thicknesses were found. 
-There was significant difference (P>0.05) in flexural strength between the three (PR) VITA 
VM9 groups of different firing cycles. Firing (PR) VITA VM9 on 6.50mm YZ core thickness, 
firing Cycle 1, caused significantly the lowest effect on the flexural strength values among all the 
groups. 
-Pooling the data by variable “YZ core thickness” regardless of firing cycle, there was no 
statistically significant difference in (PR)VITA VM9 flexural strength among all the three firing 
cycles. 
-Pooling the data by variable “firing cycle” regardless of YZ core thickness and veneer 
technique, Cycle 1 caused the lowest effect on the flexural strength values of (PR) VITA VM9 
and it was statistically significant. 
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-Pooling the data by variable “YZ core thickness” regardless of firing cycle and veneer 
technique, there was no statistically significant difference in (PR)VITA VM9 flexural strength 
between effects of all the three firing cycles. 
-Pooling the data by variable “veneer Technique” regardless of YZ core thickness and firing 
cycle, there was no statistically significant difference in VITA VM9 flexural strength between 
effects of all veneering technique using different firing cycles and YZ Core thicknesses.  
-Firing IPS e.max Ceram porcelain on 6.50mm YZ core thickness using firing Cycle 1 (HL)IPS 
e-max Ceram caused significantly the lowest flexural strength among all groups fired on 6.50mm 
YZ using three different firing cycles. 
-No significant difference (P>0.05) in flexural strength exists between the three (HL)IPS e-max 
Ceram groups of different firing cycles.  
 -Pooling the data by variable “YZ core thickness,” regardless of firing cycle, YZ 6.50mm 
caused the lowest significant effect on the flexural strength values of (HL) IPS e-max Ceram. 
-Pooling the data by variable “firing cycle” regardless of firing cycle, there was no statistically 
significant difference in (HL) IPS e-max Ceram flexural strength between effects of all the three 
firing cycles. 
-No significant difference (P>0.05) in flexural strength was measured between the three (PR) IPS 
e-max Ceram groups of different YZ core thicknesses. 
-There was significant difference (P>0.05) in flexural strength between the three (PR) IPS e-max 
Ceram groups of different firing cycles. Firing Cycle 3 had the highest significant effect on 
flexural strength when using YZ 1.65mm and 6.50mm. 
-Pooling the data by variable “YZ core thickness” regardless of firing cycle, there was 
statistically significant difference in (PR) IPS e-max Ceram flexural strength; YZ 6.50mm had 
the lowest significant effect.  
-Pooling the data by variable “firing cycle” regardless of YZ core thickness, there was no 
significant differences in (PR) IPS e-max Ceram flexural strength values between effects of 
different firing cycles. 
-Pooling the data by variables “Veneer technique, YZ core thickness” regardless of firing cycle, 
there was a statistically significant difference in VITA VM9 flexural strength.  (PR) IPS e-max 
Ceram flexural strength value was significantly higher than the (HL) using 6.50mm YZ. 
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-Pooling the data by variable “veneer Technique, firing cycle” regardless of YZ core thickness, 
there was statistically significant difference in flexural strength values. (PR) IPS e-max Ceram 
flexural strength value was significantly higher than the (HL) using firing Cycle 3. 
-Pooling the data by variable “veneer Technique” regardless of YZ core thickness and firing 
cycle, there was statistically significant difference in VITA VM9 flexural strength. The (PR) IPS 
e-max Ceram flexural strength value was significantly higher than the (HL). 
 
6.2 Thermologger readings 
In measuring the surface temperature of Y-TZP VITA VM9 Assembly, using a slower heating 
rate firing cycle made the specimen surface temperature coincidental with the furnace 
programmed firing cycle temperature. 
 
6.3 Thermal resistance shock 
-There was significant difference (P>0.05) on thermal shock resistance between the three 
(HL)VITA VM9 groups of different YZ core thicknesses.  Firing (HL)VITA VM9 on 6.50mm 
YZ using firing Cycle 1 had the lowest statistically significant thermal shock resistance value 
among all the groups. 
-No significant difference (P>0.05) in thermal shock resistance values between the three (HL) 
VITA VM9 groups of different firing cycles was detected 
-Pooling the data by variable “YZ core thickness,” regardless of firing cycle, there was a 
statistically significant difference in (HL)VITA VM9 thermal shock resistance.  Firing 
(HL)VITA VM9 on 6.50mm had the lowest statistically significant thermal shock resistance 
value among all the groups. 
-Pooling the data by variable “firing cycle” regardless of YZ core thickness, there was no 
significant differences in the (HL) VITA VM9 thermal shock resistance values. 
-No significant difference (P>0.05) in thermal shock resistance was detected between the three 
(PR)VITA VM9 groups of different YZ core thicknesses. 
-No significant difference (P>0.05) in thermal shock resistance between the three (PR)VITA 
VM9 groups of firing cycles was detected 59 
-Pooling the data by variable “YZ core thickness” regardless of firing cycle, there was 
statistically significant difference in (PR)VITA VM9 thermal shock resistance; firing VITA 
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VM9 on 6.50mm YZ had the lowest statistically significant thermal shock resistance values 
among all (HL) groups. 
-Pooling the data by variable “firing cycle” regardless of YZ core thickness and veneer 
technique, there was no significant difference among VITA VM9 groups. 
-Pooling the data by variable “YZ core thickness” regardless of firing cycle and veneer 
technique, there was statistically significant difference in VITA VM9 thermal shock resistance 
values; the porcelain fired on 6.50mm thickness had the lowest statistically significant thermal 
shock resistance values among all the groups. 
-Pooling the data by variable “veneer Technique” regardless of YZ core thickness and firing 
cycle, (PR)VITA VM9 thermal shock resistance values were higher than (HL) VITA VM9 
values to a statistically different degree. 
-Firing (HL) IPS e.max Ceram porcelain on 3.25mm YZ using firing Cycle 2 caused 
significantly the lowest thermal shock resistance among all groups fired using firing Cycle 2, and 
different YZ core thicknesses. 
-Firing (HL) IPS e.max Ceram porcelain on 3.25mm YZ using firing Cycle 3 caused 
significantly the lowest thermal shock resistance among all groups fired on YZ 3.25, using 
different firing cycles. 
-Pooling the data by variable “YZ core thickness” regardless of firing cycle, there was no 
statistically significance in (HL) IPS e-max Ceram thermal shock resistance between effects of 
all the three different thicknesses. 
 -Pooling the data by variable “firing cycle” regardless of YZ core thickness, there was no 
statistically significant difference in (HL) IPS e-max Ceram thermal shock resistance between 
effects of all the three firing cycles. 
-Firing (PR) IPS e.max Ceram porcelain on 6.50mm YZ using firing Cycle 2 caused significantly 
the lowest thermal shock resistance among all groups fired using firing Cycle 2 and different YZ 
core thicknesses. 
-There was significant difference (P>0.05) on thermal shock resistance between the three (PR) 
IPS e-max Ceram groups of different firing cycles; firing Cycle 3 had the highest significant 
effect on the thermal shock resistance among all the groups. 
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-Pooling the data by variable “YZ core thickness” regardless of firing cycle, there was no 
statistically significant difference in (PR) IPS e-max Ceram thermal shock resistance values 
between different YZ thicknesses.  
-Pooling the data by variable “firing cycle” regardless of YZ core thickness, there was significant 
differences in (PR) IPS e-max Ceram thermal shock resistance values. Using firing Cycle 3 
caused the highest statistically significant thermal shock resistance values among all (PR) 
groups. 
-Pooling the data by variables “YZ core thickness” regardless of firing cycle or veneer technique, 
there was no statistically significant difference in (PR) IPS e-max Ceram thermal shock 
resistance values.  
-Pooling the data by variable “firing cycle” regardless of YZ core thickness, or veneer technique, 
there was no statistically significant difference in thermal shock resistance values. 
- Pooling the data by variable “Veneer Technique” regardless of YZ core thickness and firing 
cycle, there was statistically significant difference in the thermal shock resistance values. The 
(PR) IPS e-max Ceram thermal shock resistance value was significantly higher than the (HL). 
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